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Among the many aclivilios in which 9- to 31 -year-old hoys 
and girls engage, that of sitting listening to the radio has 
been found to he one of the favorite indoor pastimes. Chil- 
di'cn also sing a great deal both at home and at school. In the 
interest of increasing our knowledge of the energy require- 
ments of children, and in view of the fact that the energj^ ex- 
lienditure of children engaged in these activities had not been 
previously investigated, such studies were undertaken. 


EXPERIMENTAL 

Snhjecis 

The children came from backgrounds similar to those of 
the children reported on in studies by Taylor, Pye and Cald- 
well (’48). Although a number of the same children partic- 
ipated in the study of each of the three activities, it was 
necessary to woi’k with new children from time to time since 
some grew out of the age range and a good representation of 
children within the age range was desired. In all, 22 children 
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0N*r. 


(IU’Cpivt‘(l for ^niMiration .lanuary 7» KMO) 

Among the many activities in Avliicli D- to 11-ycar-olcl boys 
and girls engage, that of sitting listening to the radio has 
been found to be one of the favorite indoor pastimes. Chil- 
dren also sing a great deal both at home and at school. In the 
interest of increasing our knowledge of the energj’- require- 
ments of children, and in view of the fact that the energy ex- 
penditure of children engaged in these activities had not been 
previously investigated, such studies were undertaken. 


EXPEHIMENT.VL 

Subjects 

The children came from backgrounds similar to those of 
the children reported on in studies by Taylor, Pye and Cald- 
well (’48). Although a number of the same children partic- 
ipated in the study of each of the three activities, it was 
necessary to work with new children from time to time since 
some grew out of the age range and a good representation of 
children Avithin the age range was desired. In all, 22 children 
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T.VBLE 1 


Average weighit heighif dcvUiUon from predicted weighty and h(nnl metahoVtsm of 
children studied (figures in parentheses show range) 


nonv noDY 

WtOIlT uruJiiT 


in.vi \ 
Tioy 
YIIOM 
iT:r* 
UICTKU 

WniUHT ' 


M> T.MIOI 1*^M IN 

taujimi s n li 


kfj CV\ Vr 

Boysf Agos 9 yr, 

4 mo. to 11 yr. 

5 mo. 


Group I 
12 boys serving 


as subjects for 

37.G 

113.0 

+ 3.0 

1287 

1.44 

43.7 

8.9 

listening to 

(30.S- 

(13G.5- 

7.0- 

(IISG- 

(1.21- 

(39.2- 

(8.3- 

radio 

4G.2) 

153.3) 

+ 14.5) 

1543) 

l.GO) 

48.8) 

10.3) 

Group II 

C boys serving 

3G.S 

144.1 

+ i.fi 

130G 

1.45 

44.G 

0.1 

as subjects for 

(31. G- 

(13G.5- 

(— 7.0- 

(118G- 

(1.35- 

(42.8- 

(8.5- 

sitting singing 

44.1) 

I.IO.G) 

+ 12.01 

1420) 

1.G3) 

48.8) 

0.7) 

Group III 

8 boys serving 

as subjects for 

37.0 

144.1 

+ 0.0 

1285 

1.49 

43.8 

S.9 

standing 

(31. G- 

(13G.5- 

(— 7.0- 

(118G- 

(1.35- 

(40.r>- 

(S.3- 

singing 

44.1) 

151.(1) 

+ 12.0) 

1420) 

1.G3) 

4S.S) 

9.7) 


GirlSj' Ages 8 yr. 
9 mo- to 10 yr. 
11 mo. 


Group I 
10 girls serving 


as subjects for 

33.4 

137.G 

4- 2.1 

1191 

1.50 

43.0 

8.7 

listening to 

(2S.1- 

(12G.8- 

(— 8.3- 

(1114- 

(1.34- 

(41.4- 

(S.l- 

radio 

41.1) 

149.G) 

+ 14.3) 

1331) 

1.G7) 

4S.3) 

0.4) 

Group TI 








9 girls serving 








as subjects for 
sitting and 

CO 

140.G 

4- 2.4 

1228 

1.4G 

43.5 

8.7 

standing 

(29..3- 

(12G.8- 

(— 8.3- 

(1105- 

(1.28- 

(41.4- 

(S.l- 

singing 

50.0) 

15G.0) 

4- 11.7) 

1531) 

1.G7) 

48.3) 

O.S) 


‘Deviations from Baldwin -Woo cl standards. 

' ^fany of the same boys or girls — were sub;\ects for eaeb aclWity, \xi cases 
where they outgrew the age range or wore unavailable before suflicient tests on a 
given activity were obtained, additional subjects were included. 


j-.sr.iiCY COST or (’iiii.i'i'.r.N ‘s .\ci ivrnr.K 
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(12 boys !ui<l 10 mk (‘Xix-riiiicniiil subjects for 

tbe studies of tlie eiieriry exiiiMuliture of cbiblren sittiujr 
listeiiiuii t(» the rutlio (plinuoirruitli), lo cliildreu ((! bo\s uiul 
0 irirls) for sittiiiir siii^iiiir. :iu<l 17 cbiblren (S Ixtvs juid !> 
•rirls) f<u' standing siiuriutr. llenitb records r(*|)orte<l by ])liy- 
si<’inus \V(‘re constdted tf» d(‘ter!nine the ireiiernl lienltb status 
of the cbildrcu before they were asiccd to serve as experi- 
lucutal s\d)jccts. The weiirbt, beiirbt. and deviatif)ns froui 
ju'odicleil W('iirbt for lu'iirbt and aire (P>aldwiu-A\ ond stand- 
ards) were detennincil. 'I’lie averaue values are iiiven in 
table 1. Altbiumb tbt> cbiblren varied in national background, 
(bey were all b(»rn in this country. 

Pronihivi' 

F>asal luetabolism detenuiuations were made on all subjects 
under standard conditions at tbo bejiinninij of the experi- 
mental period by means of the CoHins-P.enedict-lloth respira- 
tion ajjparatus. Xol less than two determinations on each of 
two morniniis were made on each child. More determinations 
were made when necessary in order to obtain an average of 
three of the lowest results agreeing within 5/r. The activity 
studies in each case were com])leted within a period of less 
than fi months following the basal metabolism determination. 
AVhenever an exi)orimental subject was continued for a longer 
period than this, another basal metabolism determination was 
made. The children included in the study had basal metab- 
olisms which agreed within the commonly accepted normal 
range of rt ld% with two or more of the standards currently 
used for children. 

^'The open-circuit respiration chamber described by Taylor, 
Lamb, Robertson and ^facLeod (’48) was used for the ac- 
tivity studies. Two boys or two girls were studied at a time. 
The total carbon dioxide produced was divided by two to 
obtain the average carbon dioxide production per child and 
heat production computed as described in the paper just cited. 
The Carpenter modification of the Haldane gas analysis ap- 
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paratns was used for deterniiniug tlie carbon dioxide conient 
of cbamber air. 

The activity studies were made afler scbool. Since it was 
not possible to use a radio in tbc re.'^piralion cbamber, pro- 
grams for cliildren similar to those on the radio bad to be 
especially planned for each test. A pbonograidi was used and 
suitable records were selected from tbc Toacbers College 
libraiy collection for 9- to ll-year-old cbildven. Tbc pbono- 
grapb was operated by an observer outside of tbc cbamber 
and the stories or songs were broadcast into tbc cbamber ])y 
means of an army two-way speaking system sucli as was used 
for communication in tanks and planes during the war (fig. 3). 
A field phone was placed in the cbamber at such an elevation 
as to provide clear reception for tlie children in a comfortable 
sitting position. The same equipment was used for the .‘:tudy 
of the energy expenditure of children sitting listening to the 
recordings, and sitting and standing singing. 

All tests were preceded by a 10-minute rest jioriod. During 
the rest period the children sat quietly reading or playing 
with puzzles, games, or engaging in some other activity in- 
volving only finger muscles. Sometimes the rest period was 
followed by a period of sitting listening to the phonograph 
and at other times by one of the singing periods. 

The storytelling period was planned for 20 minutes but the 
actual time varied from 18 to 23 minutes, depending upon the 
length of the story record and whether the voice of the story- 
teller necessitated an adjustment of the speed to insure 
clarity. The children sat and listened atteniivelj^ often spon- 
taneously making gestures in an attempt to dramatize parts 
of the story. The records had to be carefully timed for the 
proper speed and the afternoon program rehearsed by the 
observers in advance so that the experimental period would 
approximate 20 minutes. Care was taken to avoid stories 
which Avere too young for the older children in the group in 
order to eliminate the possibility of muscle tension duo to 
boredom. 
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Tlic same eai’e was necessary in the selection of the songs 
for the singing periods. The program for the singing periods 
also had to be carefully timed and rehearsed by the observers 
in advance for an experimental period approximating 10 
minutes. The children were given typed copies of the words 
of the songs before they entered the re.spii-ation chamber, 
and the recorded voice was clear enough for the children to 
follow easily so that there was continuous singing during the 
experimental period. The two activities, (1) sitting singing 
and (2) standing singing, were never studied on the .same 
afternoon because the children could not be depended upon 
to sing enthusiastically and continuously for longer than 30 
minutes at a time. 


RESULT.S AXD DI.SCU.SSIOX 

The average results of those studies expressed in terms of 
total Calories per hour per kilogram of body weight and per 
centimeter of height are given in table 2. 

(1) Lislening to the phonograph 

The average energy expenditure of the boys when sitting 
listening to the phonograph was 2.07 ±; 0.06 Cal. per kilo- 
gram of body weight per hoiir and 0.54 0.01 Cal. per centi- 

meter of height per hour, and of the girls 1.80 zt 0.04 Cal. per 
kilogram of body weight per hour and 0.45 ± 0.01 Cal. per 
centimeter of height per hour. It will be noted that the boy.s 
spent more energy than the girls when engaging in the same 
activity. This is in line with the results of other studies from 
this laboratory. The coefficients of variation ai-e, respectively, 
13.0^ and 11.9% for the boys, and 30.5% and 12.8% for the 
girls. IlTien the probable error is expressed as ])er cent of 
the mean it is small, being only 2.8% and 2.6% for the hoys 
and 2.0% and 2.5%. for the girls. It is the opinion of tiie 
authors, resulting from observations of children sitting listen- 
ing to the radio under nonexporimental conditions, that the 
amount of activity in which the children engaged under the 



TAIU,K 2 

Average energg cxpcJidituro of children D to 11 gears old^ for (1) listming to the radio (phonograph)^ (11) fitting sinning, 

and (d) standing sintAng (including the basal mrtahnlitrn) 


r.Ni:ut;Y ('t)sr or s Arnvinr.s 


( 



' Probable error. 

* Coefficient of variation. 
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experimental conditions of lliix f.(iuly <*Ios(‘Iy approxiiiinted 
that of tlie noncxperimontai children, ovon llious,di some of 
the programs might well In' jiulgcd less exciting limn many 
radio programs for childi-ci: 


(:’) Sill I III! snuiuit) 

The average energy cxjicndduro of the hoys for silting 
singing -was 2.23 ±: O.OG (';d. ],i i Icilogram of body nxdght j)cr 
lioiu and 0.57 :i; 0.02 Cal. pci *i-niimotcr of height per hour, 
and of the girls 2.0G p; O.ii, { ,ii. j,,.]- liilogj-ani of body weight 
pel hoar and 0.')2 r.-u ],L>r ccmtiinetcr of height per 

oiii. Tlie energy cxpcndnurc ol liu> lioys was slightly above 
t at of the girls, and tin- <‘iu're\ <’.N))eiuliluro for .sitting .sing- 
mg of both boys and girb u.. ,0,ovc that of both for sifting 
IS enjug to tile radio, althougli tin' ditl'crcnco is very .small 
in eac ^ case. Altliougli Hk. cliilOrcn were not ahvay.s equally 
iisiastic about singing, on (lu- wlinli' boib bovs and girls 
coopeia ec noil. All ])recautions were taken to insure tlio 

ZlZ 7 f as far as possible. 

Studies of ilio energy cxiioiidifure of boys of fbi.s age sealed 
and Z ’'<‘I'0>-fed bv Okivlor ( •37). 

iwic/of w" 'j''"’"'!'-’" (’«)■ O'':" 

itie.s ivhpi-n 11 \ ^ engaged in oilier aetiv- 

Sonden and Z seated Imvo been roporled by 

^'ore .seated Z ? f ”'vo.sjiga(ors wliero tlie cbildrcn 

gree.s of aeti.df’^^™”f l>nt ^vitb similar de- 

of thi.s study nZrZZZi '’'‘dev of magnitude as those 

from l^dor paper 


I’V oiuuainrf snu/nfr/ 

ing ^ya.s 2.35 ± Ss standing sing- 

and 0.60 0 01 P^i ' ' ’’^dogram of body weight jior bom 

• pel centimeter of height per hour, and 



i,sn'.'>v f'"-! or N *!■ Afiivsni'' I* 

of ilu' 'Sw'U H.K". H.uii (’ill. jh-r Iciloiriani "f limly woiirlil jtcf 
hour ;iti<l (I..M ("’.’ll. I'l-r of lii'iirli! )i<’r Imtir. 

’Dit' rorfririi'ii! ^ of ViU’iiilioii iii'o of tli'’ .^iuui' oril'M' ol in.'iinii- 
tiiilo fov (hi' odior !n’t ivit ii>.- , with 'i i lisilit toiuloiii’v to 1 m* 
lower. Will'll the jirohiihh* i-n'or of the Jin'.'iti i*- |•^Ilr<’'''''•ll O'- 
pi'j- oi'iit of the ini'iin it ju.'iiiii i'. .'i'- '-hown iti t.'ihh* 'J. 

The t'lii'V'.ry i'\])t-inlituvi' for i-t!i'.i<rniir sin'.!in'.r for hoth hoy*- 
nitil irirl'; i*- only ^lilrhlly nhovo that for '-ill in:: .'•iintinir. Tin* 
ehiUlren ^tort^l ijnii'tly for tin* nio.-t jinrt with oroiii-ional 
.'•wiiyini: and s:in;; witli viiryini: deirifi*'' of (•ntlni'-ia'.in. A 
few of till* rhildri'U ri"-pondi-d to hoiiM* of tin* '•ontr*' liavinir 
t’oriain rhythni'- hy tnjiiiimr their feet while .‘-inpiiir. Pot- 
irieter'.'^ stndie*- ( of the eneriry exjieiulitnre of trirls of 
Ihi'-' aire ranixe '■tiiiulimr relaxed .are in ;iirreenient with tlie 
r<"-nlt.‘i of thi*- f-tndy. 


The eiieriry expenditure of ‘22 ehildron (12 hoy.*; and 10 
irirls). 9 to 11 yeiir.*^ of au:e, wiis ine.asnrod while they were 
s^ittinii in a respiration ehatnhor listening to the ]ihonogrnph. 
The average energy expenditnre. of the hny.s was 2.07 zi: 0.06 
Cal. jior Icilogr.ani of body weight jier hour (eooflicient of vari- 
ation, lO.O/o) and O.nf g; 0.01 Cal. per contiinetcr of height 
per hour (coofilcient of variation, ll.n(,e) ; and of the girls 
l.SOg^O.Ol Cal. per kilogram of body weight per honr (co- 
efiicient of variation, 10.6%) and 0.45 ±: 0.01 Cal. jier centi- 
meter of height per honr (cootheiont of variation, 12.87e). 

The energy^ expenditure of 15 children (G boys and 9 girls) 
was measured while they were sitting singing. Tlie average 
energy’ expenditure of the hoys was 2.23 ±: 0.06 Cal. ] 3 er kilo- 
gram of body weight per hour (coedlcienl of variation, 13.2%) 
and 0.57 rt 0.02 Cal. per centimeter of height per hour (co- 
efficient of variation, 14.0%) ; and of the girls 2.06 ± 0.07 Cal. 
per kilogram of body weight per hour (coefficient of variation, 
17.5%) and 0.52 ±z 0.02 Cal. per centimeter of height per hour 
(coefficient of variation, 15.9%), 
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The energy expenditure of 17 children (8 hoys and 9 girls) 
was measured while they were standing singing. The average 
energy expenditure of the boys was 2.35 ±: 0.05 Cal. per kilo- 
gram of body weight per hour (coefficient of variation, 10.7%) 
and 0.60 zh 0.01 Cal. per centimeter of height per hour (co- 
efficient of valuation, 11.6%) ; and of the girls 2.13 ±; 0.06 Cal. 
per kilogram of body weight per hour (coefficient of variation, 
14.2%) and 0.54 ± 0.01 Cal. per centimeter of height per hour 
(coefficient of variation, 11.2%). 
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rTKiM»Yi/;LrT.\MH' .\< in and inoDU’iiDrcTiDN 

IN THH DAT’ 


.M. Nr.i.’-oN .\Ni> unnur.nT ,m. t.van^ 

/-'''J !'• . rf iV.U't.i ~ui . /.V-.'r.Vv 

i .1.’, r.-i!;..:, 1>-. HM'-. 

Nfl^on and I'.vaii'- (M7) have ‘•lidwn tliat on t!u- day of 
firocdiair a ynuiiir ffinali* ral may bo fed a jiurincd di^t cfOi- 
taiaiatr MU-cinyDulfatbia/.(»!«' (SST) and sniiplMin'iitcd willi all 
the kiu»\vn vitamins with the f*xcr'])ti«)n of titcntyb^liitamic 
acid (PDA) and jirocccd normally with tlTm ircstation. 'When 
this PGA-dolicicMit diet was fed one to three months jirior to 
hreedinf^, marked ajjj.et'- in reprfidnetion occurred, i.e., re- 
sorjition, decreased nnmher of yonmr ]>f‘r litter, and increased 
jK-rcenta're of yonnir horn de:id. Ihits three to 4 months of 
aire were used iji this study, 

TJie present communication rejjorts (1) the reproductive 
performance of rats in which the delicieucy was instituted at 
an earlier aj^e (one to two mouths), (2) the accent uatiuir ef- 
fects of a chemical antagonist of ])teroylglutamic acid, and 
('*) the curative effects of synthetic PGA. Consideration of 

by prnrits from tlio Anni\or^nry roun<lrition, tbo Bonnl of Be- 

«farc]i an'l tbo Dojirirtiiicnt of Aj;rio\iltiirc of tbe University of California, and 
the Bocbcfcllcr Uoundation, Xe\v York City. VCq arc indebted to Dr. T. II. Jukes, 
Ledcrle Laboratories, Inc., Pearl Biver, Xcw York, for generous supplies of syn- 
thetic pteroylplutamic acid and of the chemical anlnponist for ideroylglutamic 
acid; to Dr. AV. A. Feircr of Sharp and Dohmc, Inc., Glcnoldcn, Pennsylvania, 
for Buccinylsulfathiazole; to Dr. E. L. Sevrinj'haus of IIofTmann-LaBochc, Inc., 
Xutlcr, Kew JerFcy, for crystalline J-biotin; and to Dr. Bandolidi Major of 
Merck and Company, Inc., Balnvay, New Jersey, for crystalline B vitamins, 
alpha-tocopherol and 2-mcthyl-l, 4 -naphthoquinone. 
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the possible role of diminished food intake was obviated by 
the institution of paired feeding controls. 


EXPERIMENTAL 

Normal female rats (Long-Evans strain) from one to three 
months of age were placed on the PGA-deficient diet and bred 
Avith normal males after one, tivo or three months of the de- 
ficiency. Additional groups of animals, three to 4 months 
of age, Avere bred AAotb normal males and placed on the de- 
ficient or supplemented diet the day of mating. Vaginal smears 
AA’ere examined daily during gestation for the presence of 
erythroejdes, the sign that implantation has occurred; all rats 
Avere Aveighed at regular inteiwals. The animals were kept on 
screens until the day before littering Aims expected lo occur. 
All rats Avere autopsied a feAv hours after parturition had taken 
place, except AA'hen Aveight loss indicated resorption had be- 
gnn autopsies Avere performed as early as the 20th day of 
gestation. The uterus Avas carefully examined for the presence 
of implantation or resorption sites. 

The PGA-deficient diet Avas the same as that used pre- 
viously by the present authors (Nelson and Eimns, ’47). It 
consisted of 24% alcohol-extracted casein, 63% sucrose, 8% 
hydrogenated cottonseed oil,- 4% salts No. 4, and 1% suc- 
cinylsulfathiazole (SST). Crystalline vitamins per kilogram 
of diet Avere : 300 ag d-biotin, 5 mg 2-methyl-l, 4 naphthoquin- 
one, 5 mg thiamine HCl, 5 mg pyridoxine HCl, 10 mg ribo- 
flavin, 10 mg p-aminobenzoic acid, 20 mg nicotinic acid, 50 mg 
d-calcium pantothenate, 400 mg inositol and 1.0 gm choline 
chloride. Control rats received the identical diet supple- 
mented Avith 5.5 mg synthetic PGA per kilogram of diet. Each 
rat receiAmd Aveekly a fat-soluble Adtamin mixture containing 
800 IJ.S.P. units Autamin A, 115 Chick Units Adtamin D, 6 mg 
synthetic alpha-tocopherol, and 650 mg corn oil.^ 

The chemical antagonist of PGA used AAms that described by 
Franklin et al. (’47a), Avho reported that this “crude” syn- 

^Grisco OT Primex. 

“ Mazola. 
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jtri'i’.'iv.'Uinn * iiiilliiioil tiilidwiM- .'ulnui.'it*' nnif>imt*< of 
ptvv<'yl!:h!t.'Uiiii’ in tli" of iSVfv7//o(-"rfi/>. 

/»’. !.<irloh<u-iUu< rasci. iuu\ thn vat. l‘'raiiklin. Stolistad ami 
('-tTb) tlio nrrcliTntion of rti.\ ili'fuM.'nry i»y 

“hi"^ jiiojiavat ion in niii’i’ and in oiindiv. Additional oUhorva- 
tiojts of it"> cfd ot;: on tho ohick have hccji nmdo liy Hcrtv. ( ’-ISc) 
;>.nd < 0 ! tin* 10 '.: by WoUdi «'t id. (‘-IT). 


TabU' 1 Minnn:u'i'/,os tin- rcitrodticlivo iivofonnanccs of rats 
of dilToront a'.:(“^ after varying periods of l’(!A-ilcficifMn’y. 
The data for additional ral'^. -1 niontlis old. placed on the puri- 
fied .St>T diets the day of breedintr arc triven to show .'iirain 
llnd this procedure docs not iinindr the rej)rodnctive inecli- 
anisni. It will be jiotcd that there is little interference with 
iin])lantntion. as only one deficient prrnnp (after two months 
of prior deficiency) shows a failure of implantation t:*‘P>der 
than lO/c. The avera!:e failure of implantation for all gnmjis 
with deficiency prior to hreedijig (Pa litters) is the iden- 
tical value for all groups placed on the experimental diets 
the day of hreeding (-12 litters). 

Although the variiibility among groups is marked, the data 
show that one month of prior deficiency, regardless of the age 
of the rats, interferes .slightly with reproductive perform- 
ance; two months markedly; and throe months less markedly. 
Eleven per cent (range 0-25) of the rats resorhed after one 
month on the deficient diet, 44% (range 20-5(1) after two 
months, and 22% (range 13-33) after throe months of pidor 
deficiency. This decreased incidence of resorption after 
three months .suggests some adjustment to the diet made dur- 
ing tliis prolonged period. There is little correlation with 
age and incidence of resorptions. The youngest rats (30-35 
days old at the beginning of the experimental period) had the 
highest percentage of resorptions after one and two months 

* Lot no. 125 was used in these studies without further purification. 



TABI.K 1 

Effect of picroylglutamic acid (PGA) deficiency on reprodneiion 
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c.f but tbu lo\v.>^t ut'tuv thvtM> iiuuitlu-, Ib-hMiptinus. 

!uv<u<liui: to ilu’ bi-sriiiuiiu: !u;i' nf tlic .■iiiiiMul'-. nvcinucd .'51 'J 
fur tbi'M' >-t!ivtiutj !\t <uii’ luuutb, lt'»' • tuv tliuj'i* l\v*i juuutlis ubl, 
ntul for tlioM' tbifc inoutlis olil. It pof-'-iblo lliii! tin* 

iutonurcUntu urotqi of vut^. (two uioutlu- of ui:<’) may luivo li:nl 
uroati-r vUamin htoro*- lhau tin* otlu'r moup.s for honic rouf-on. 

Tho ]u'Vt't>utav:<' of youm: born «loail is <'onsistcntly itiub<‘r 
than normal (i.o.. S':. ami -r.i 1 .'iftor one, Iwo. or llirof 
inontb'; of ]»vior vbM'n'ionry. 'I'ln- avovatr*’ numbi-r of yomivr 
jior littor is sliulitly dciMoasi’d aftt'r om* moutl) of tli'llcifncy 
(T.:5 yonnir) ami siiinitlrantly (Icrroasml after two cir tbree 
months «)f prior (len<-iency ((1.0 ami .').H yomi!,'. respeelively). 
The average woiirht of tin* yomm at birth is sitrnifieuntly de- 
creased (»nly for the irrouji with one month of prior detieieney. 

KlJci'l of uu<h'iuiifrHiin) ovd P(IA .'^upjilroirolal imi 

In order to evaln.ate the role of undenmtrition ami the 
curative ofTeets of PfJA siijjjilementalion on these* reproduc- 
tive ujiscts, ])aired feedintr studies were carried out. The rats 
were ])laced on the Pd A-delleie'nt di<*t at weanine: (21 days) 
and bred with normal males after 00 days e)f the detieieney. 
(In the preceding; study two months of ))rior denciency had 
resulted in the highest incidence of resorptions.) One-third 
of the animals were continued on the PGA-doficient diet and 
fheir food intake measured daily; one-third received the PGA- 
supplemented diet in the same amount as was consumed by 
the corresponding deficient rats on the same day of gesta- 
tion; and the remaining one-third received the PGA-supple- 
inented diet ad lihitum. The rats were carefully paired '• 
w'itli respect to age and body weiglit on tl)e day of breeding 

* The PGA-dcficient uroiip avernKod S.") dnya of hkc and 100 pin in body wiplit 
tljc day of breedinp after 01^ days of deficiency witli an averape weipht pain 
of 153 pm. The corrospondinp avorapc.s for the control proups 'vvero as follows; 
pair-fed controls — 85 days, lOGpm; C4 days, 150 pm; ad libitum controls — 
8G days, lOG pm ; G5 days, 151 gm ; ad libitum group receiving the PGA-sujiplc- 
mented diet throupliout the entire experimental period — 85 days, 109 gm; G4 
days, 153 gin. 
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and with regard to length of deficiency period and weight gain 
during this time. A fourth group -was selected from additional 
nnimals placed on the PGrA-supplemenled diet at weaning- and 
likewise bred after 60 days on the experimental diet. 

The experimental data are summarized in table 2. In the 
deficient group two rats (20%) resoi-hed wiiile the remainder 
(80%) littered. This incidence of resorptions is consider- 
ably lower than that previously found after twm months of de- 
ficiency and emphasizes the variability to be expected. The 
average w'eight of the deficient young at birth was signifi- 
cantly low'er than normal but the nuraber of young per litter 
and the percentage of young born dead were not adversely 
affected. 

In the pair-fed group, as in all other PGA-supplcmented 
groups, 100% of the rats littered, showing that limitation 
of food intake is not the cause of resorptions in the deficient 
group. The birth wmight of the young from pair-fed mothers 
wms significantly higher than that of deficient young but did 
not attain the normal birth weights of the ad libitum groups. 
The restriction in food intake varied from 52 to 92% (aver- 
age 76%) of the food eaten by the rats given the PGA-supple- 
mented diet ad libitum. The increased efficiency of food 
utilization by rats receiving the synthetic vitamins is only 
slight (no significant difference), as can bo seen by comparing 
the weight changes during the 20-day gestation period of the 
deficient and paiz--fed groups, i.e., 45 gm and 55 gin, i-espec- 
tively. This is to be expected, inasmuch as the deficiency pro- 
duced by the experimental procedure was only slight and 
resulted in a low incidence of resorptions. 

The high percentage of young born dead in the twm control 
groups subjected to the deficiency for twm months prior to 
breeding should be noted. Although these high values (18% 
for the pair-fed group and 13% for the ad libitum group) are 
due principally or entirely to one dead litter in each group, 
they suggest that the addition of the synthetic vitamin, at the 


Effects of food restriction and of VGA snpplcmcntatxon 


n!\ A?ci' 


' t ; t f 

A f» 


n ^ ‘ t. r : 


t ♦> “5 fa 


r. i * 


^ f .» n j 
jr * » - M 


^ ’ i y^n 


1-1 ! t; 1 

Oi'lJiJl 


»:<>ra 
A‘IM<: A> 


t Koixiivrcft 
3DKVn3 


I)Kli\Kj.v r g* 

•XUAMOJI ti ^ 


n 

31 2 ,2 


‘•awxa Cpg3£ 

^ O r* 'T; e S 


the curative crfccts of the vitanuu; the Itli Kmup rccoivni 
period and demonstrate? the prophylactic efTocts of the vitamin. 
*Data determined during the -0 days following matin;:. 
*Bata determined durin;: 21-22 days follow in;: matin;:. 
‘Standard deviation of the mean. 
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level used, only during gestation was not sulTicient to counter- 
act all the efifects of the prior deficiency period. Tliei'e was 
complete normality of the young from the control group re- 
ceiving the vitamin prior to breeding. 

Effect of the antagomst 

To accentuate the deficiency during repi’oduction, 5 gm of 
the “crude” antagonist per kilogram (i.e., 0.5%)® were added 
to the PGA-deficient diet. Normal females, three months of 
age, were placed on the deficient diet 10 to 15 days prior to 
breeding or on the day of breeding. Control rats received 
the identical diet supplemented with 50.5 mg synthetic PGA 
per kilogram diet, i.e., almost 10 times the usual level of 
5.5 mg per kilogram diet. 

Table 3 shows that the addition of 0.5% of the antagonist 
to the PGA-deficient diet results in 100% resorptions either 
with or without a prior deficiency period. PGA supplementa- 
tion during gestation was not sufficient to counteract com- 
pletely the effects of a prior deficiency period, as shown by 
the occurrence of resorption in tliis gi-oup; in addition, the 
number of young per litter was decreased slightly. When 
there was no prior deficiency period, PGA supplementation 
-resulted in 100% litters with a normal number of young per 
litter. The marked differences in body weight change during 
gestation for the PGA-deficient and supplemented groups 
should be noted, as well as the fact that the deficient rats re- 
sorbed despite the gain in weight during the gestation ]ioriod. 

® Preliminary studies had sho^vn that the addition of 1 gm of the antagomst 
per kilogram diet had little effect on reproduction. The addition of 10 gm an- 
tagonist per kilogram diet resulted in an acute PGA deficiency and 100% of 
the rats placed upon such a diet the day of breeding resorbed instead of littering. 
This acute deficiencj^ in adult rats was characterized by an early loss of the 
estrous cycle in 15-SO days, a marked weight loss after 20 days, and death in 
30-50 days. A marked anemia and leukopenia (especially granulocytopenia) 
severe oral lesions and deposition of pigment were noted in agreement with the 
observations of Franklin et al. (^47a) on weanling rats receiving similar levels 
of the antagonist. ‘ 
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* Data determined dnrinj; the 20 day*? fnllowin^^ mating;. 



T/VBLE 4 

Effect of food restriction and VGA supplementation on rcprmlnction in the presence of the antagonist 
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= jData determined during the 22 days following mating. 
* Standard deviation of the mean. 
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j f r' ‘ f jrrr f/i'f' nVif t} ffiftu ' t 

T<t ?!!'> nf uniii-rmilrition iiv .'i of 

sin*- tuur'.i •! r»']'r<'ilt!>'‘iv-' j'uiimo in Slm of the 

:'.n':i‘.;nin'.s. rositvo]’. '.vi't'o luidod in line wiSli flio 

nl'ovo •'>.5»ci'ii!n nsnl jn <> 'i dnrc. 'riii' vnS’' were I'.'irofnliy jniirod 
in record ;>> .’n:<- rnid I-'miv v. •' inhs on llio day «>f brcodintr, a*-' 
l’nA-d<-ni i< !!; ,'rronp, KU day.*- of an** and 22’5 fin 
in l«ody \M-i;:(U : jiidr-fod '.n-onp. Hif> ilay*. and 221 inn: ad 
lildsnin ‘.:ron)\ ilay*- and 22'-. snn. 

Tal>l‘* -! ]nf*-<*nt‘- sin* < vp('rini< ntal <iaSa in dolaii. One 
linndr.-d par o'-nS of tin* IMlA-doni-icnt irronp vo.'-ftrlind. 
ndicroa*- ‘h** p.'iir-fcd fionp liSSoj-otl 'I'lio rf.*-! rial ion 

in foo(\ inSaV.'* varied from dP So '.*'''1 (avovafo 70' 1 ) of (lio 
food oasi'n 1»y rat*- uivi>n tlm I’flA-snjiplcinontoil dirt ad 
liniinm. 'Phi* marlu'd incroa^f' in ffiicioni'y of food nliliza- 
Sion Uy llu* raS*; vorcivinf llio vitamin van bo :^oon liy coni- 
jiarinir tin* woiirlit flianiros dnrintr Slio 20-day iro.«tation period, 
i.o.. 2M fm f<M’ the doficii'iU tcroup and 70 ^in for tbo pnir-fod 
animals. Xoitlior the doficionry nor tho restriction in food 
intake durinir tlic fostation period interforod witli implan- 
tation, as is shown by the normal number of implantation 
site.s per rat for all irrou])s. The food restriction did not af- 
fcf’t the. number of youujj per litter nor their average weight 
at birth. However, tho irroup receiving the PGA-supple- 
monted diet ad libitum gained much more during gestation 
than did tho pair-fed group. 

ni.scu.ssinx 

Tlie data presented in this studj’’ demonstrate that pteroyl- 
glutamic acid is essential for reproduction in tho rat ■when 
»SST is incorporated in the diet. The deficiency produced in 
adult rats by the addition of SST to a purified diet lacking 
in the vitamin is only slight, as showm by the Ioav incidence 
of resorptions (26% for 85 rats) and the length of deficiency 
prior to gestation required to produce the reproductive upsets. 
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The further addition of 0.5% of the chemical antagonist pro- 
duces a very acute deficiency and reproductive failure occurs 
during- the three-week gestation period. The normality of 
reproductive performance in PGA-supplemented controls re- 
stricted in food intake eliminates the factor of undernutri- 
tion and of other dietray deficiencies as a cause of these fail- 
ures in reproduction. The lack of correlation between food 
intake and reproductive performance is further shown by the 
raai’ked difference in reproductive success in the presence and 
absence of the antagonist with veiy little difference in food 
intake. In the presence of the antagonist 100% of the rats 
resorbed with an average 79% restriction, wliereas in the 
absence of the antagonist 20% of the rats resorbed with an 
avei-age 7C% restriction in food intake. The limitation of food 
intake for either group was not as groat as tliat previously 
reported for pantothenic acid deficiency during reproduction, 
i.e., 69% (Nelson and Evans, ’46). 

In regard to the specific function of pterojdglutamic acid 
in the reproductive mechanism of the rat, not much can be 
said at this time. Little interference with implantation was 
noted in the deficient groups except after prolonged periods 
of the deficiency prior to breeding. This is in marked con- 
trast with the noticeable interference with implantation in the 
ease of pantothenic acid deficiency (Nelson and Evans, ’46) 
and that produced in pyridoxine deficiency witli the aid of 
the potent vitamin antagonist, desoxypyridoxine (Nelson and 
Evans, ’48). In pyridoxine deficiency, moreover, an early ap- 
pearance of the erythrocyte sign was frequently observed. In 
this study the erythrocyte sign occurred normally on the 
13th or 14th day of gestation, even for deficient animals re- 
ceiving 0.5% of the antagonist. Furthermore, such animals 
gained weight up to the 13th day or even later and then lost 
slightly by the 20th day, so that a net gain in body weight 
resulted during the gestation period despite the simultaneous 
occurrence of resorption, a process practically completed by 
the 20th day as determined by examination of the uterus 
at autopsy. The findings of Hertz and Sebrell ( ’44) and 
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lirrir, (’l.’i. ihnJ tin- t'li!inicl<-rislii‘ li.'^snf-j^rnwlli 

5<» ill ill'- I'l'iiiiiil inict nf lt<»tli l!ii’ iVninlc 

iiii«n^.<'y :niil sli'> rltirl; irquiif ;ni .Mtii-ininlf iiilnlcc of plcroyl- 
uhilnniic iirid ;nf sui:!:c‘'tivc. nt- well ji'- Ili<‘ iccciil rcjiort 
(IN'ifr. {!i:if till' ;nliii(i<>ii of tin* clifiiii'’!!! niil.'q^miisl (tin* 
•aiiK' ;il inn ii>-i(l in tlii*' f-tinly) In n .‘•tnclj did intnr- 

(•'fcv with tlii'- v<'‘'|>nn''<‘ in the nliicic. 

‘-fMM Al:v 

In-jii ndnclinii Inir- Imm'Ii hUnlind in adult rats jilacnd nii 
]>urilii'd SS'I’ di<U« dnllcifnl in ptnrnylulutainin acitl jirinr to 
llm jn-i-tatinn jicrind. In cnniimiatinn nf jjroviniis .^Indies, tlin 
iiniiainnnnt in rnniiidiinlivc jicrl'ninianco was irrcatnsl aftc'r 
twn mnntlis nf ilnjicicncy prinr tn lircndiiifr ; less marked 
nfh-dh wni'n iintcd afinr tliree nmnllis nf jtrinr ddiciency. 
There was little enrrelalinn li'-iween reiirodnetiv(> inijiainnenl 
ancl the ai:e nf the animals when the ddieieney was started. 

l’air-f<-d animals siijijilementeil with the vitamin demon- 
strated that imdermitrilinii was not the eaiise of resorjjtions 
under the ))revailintr exjierimental conditions. The level of 
synthetic ])t(>royl,uhitamie acid j^iven diiriiif; fj:eslation was not 
sunieient to eoimt(*ract completely the effects of jirioj- de- 
liciency on the youne:, whereas yoniifc from mothers receiv- 
iiifr the vitamin throutrliout the entire experimental period 
wer<‘ in all resjieefs normal. 

The addition of QS)'/r of a chemical antagonist markedly 
aeeentuated the vitamin detlcicney and resulted in lOO^fc re- 
sorptions for adult rats even Avilhont any prior deficiency 
period. The complete normality of pair-fed controls .supple- 
mented Avith high levels of the vitamin eliminated the factors 
of nndernutrition and of other specific dietary deficiencies as 
causes for these reproduct iA’e failures. 
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Till': .MlClvOp.lohocilCAL ASSAY OK “KoLIC 
M']\y' AS AlM’MKl) TO MILK 


A, 7.. HOPSON 

Vrfc-Tfi'h /.o^ /Vf (*o' i/niriv, f,*rrrntin<*, //ftnotV 

(Kr'ri\r*«l for NtixnulMT HMS» 

Tlu‘ f«lif iu-itl (.•onloiil (tf (vtw’s luillc wiicy was reported 
Ity M'riirlil, McMahan. Clit'hlolin. 'Kaylor, Siioll and M’illianis 
in r.Ml. Their data snirirosted that milk eontjiined only a 
small amntml of folie acid. Miemhiolo'rical data j)uhIishod by 
M’ilH.aniH, Cheldelin and Miteh(*ll (’42); hy AVri,t,dit, Skeggs, 
Woleh, Sprat^ne and Mattis (’4.")); and hy Luekey, IJriggs, 
Moore, Klvelijcm and Hart (’4')); and rat data obtained hy 
Day, M'akin, Zimmormau ajul McClnng (’4(1) support this 
suir.ircstion. IDnvever, i)reeisc data for a nnmher of milk 
samples have not been i)rescntcd, the suggestion of MT'ighf et 
al. (’45) that milk contains a large amount of “potential 
folie acid” has not been verified, ajul data concerning tlie 
lability of “folic, acid” during the heat processing of milk 
have not been obtained. An investigation originally planned 
to clarify these three jjoints developed into a critical study 
of the assay methods for “folic acid” as applied to milk. The 
results of that study are presented here. 


EXPKUI.MENTAn AND PESUETS 

Methods and reagents 

Investigations in our laboratory support the theory that 
milk has a relatively low content of “folic acid” and does 
not contain any large amounts of “potential folic acid.” The 
results of these investigations do not establish the exact 
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anioimt of “folic acid'’ in milk, althongli approximately 
20,000 tubes have been filled, inoculated and titrated in micro- 
biological assays which were designed to contribute either di- 
rectly or indirectly to answering this cpiestion, "We have not 
found the available methods sufficiently precise or specific to 
establish completely the average “folic acid” content of milk. 
In our laboratory when these methods were applied to the 
assay for “folic acid” in milk both L. casci and Sirepiococcus 
faecalis (American Tyj^e Culture Collection no. 8013) gave 
erratic results which were not at all comparable in precision 
to those obtained when these organisms were used for the 
assay of other vitamins or amino acids. "When applied to milk 
the L. casei results were in general much higher than those 
secured by the use of S. faccalis, but wei’e more variable, 
showed a greater tendency to drift, and wore less reproduc- 
ible than the 8. foecalis results. The methods used were those 
suggested by Teply and Elveh.iem (’45). "We prefer the titri- 
metric methods since they permit the use of unclarifiod ex- 
tracts for assay purposes. Synthetic pteroylglutamic acid 
was used as a standard in all our “folic acid” studies. Hog 
kidney conjugase was prepared according to the method of 
Bird, Bobbins, Vandenbelt and Pfiffner (’46). The conjugase 
preparation was kept frozen until a few minutes before use. 

A crude chicken pancreas conjugase preparation was made 
by grinding chicken pancreas with an equal weight of water 
in a Waring Blendor and filtering with the aid of celite 
through a no. 42 Whatman filter. A clear filtrate was 
obtained for the first portion of the extract filtered and this 
was frozen and stored for use. Later portions of the filtrate 
were cloudy and could not be clarified. The cloudy filtrate 
was less active and possessed a higher blank value. It Avas 
discarded. 


Sample preparation 

In the preparation of liquid milk products for microbio- 
logical assay the simplest procedure is simply to dilute the 
, sample so that the concentration of the unknown will fall 
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to pH 7.0 with sodium hydroxide, and a second tillratiou made 
through a no. 42 ‘Whatman filter paper. While this filtration 
gave reasonably clear filtrates in most cases, one could in- 
crease the filtration rate and insure an entirely clear final 
filtrate by making the first precipitation with a mixture of 
metaphosphoric and hydrochloric acids. These procedures 
proved to be unsatisfactory, however, because when pterovl- 
glutamic acid Avas added to the milk before the protein pre- 
cipitation, recovery experiments indicated tliat large losses 
occnvvecl (table 1). The pteroylglutamic acid i.s probably 
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lost by adsorption on llie precipitated protein, but this lias 
not been proved. 

Since tbe same discrepancy in results of tlie L. casci and 
S. faecalis assays occurred with dry skim milk powder as 
with fresh, evaporated, or dried whole milk, it did not apiiear 
that the discrepancy could be caused by the presence of fat 
in the milk extract. Nevertheless, in order to check (his point 
further the ti’ace of fat which occurs in dry skim milk was 
removed by repeated extraction with diethyl ether. The assay 
results were similar before and after extraction, and prove 
that the presence of fat in the extracts is not the cause of 
the great discrepancy between the L. casei and S. faecalis i‘e- 
sults. 


Con jugase in vesi igaf ions 

A large number of assays were conducted after treatment 
of the milk samijles with hog kidney conjngase. Preliminary 
treatments of milk samples with increasing amounts of hog 
kidney eonjugase gave the same results for all increments 
and suggested that milk was free from inhibitor.s but that 
little or no “folic acid” eonjugase was pi'esent in it. Later 
tests already reported (Hodson, ’48) proved that hog kidney 
eonjugase could be inhibited by protein and that for assay 
purposes the hog kidney eonjugase treatment was of little 
value if carried out in the presence of relatively large amounts 
of protein. 

Considerable trouble was experienced in arriving at op- 
timum conditions for the hog kidnej^ eonjugase treatments. 
Since one of the problems encountered is common to other 
enzymatic treatments, it seems pertinent to discuss it brioflv. 
This pi’oblem is that none of the commonly used preservatives 
prevented bacterial growth during the incubation period. The 
first treatment tried consisted of adjusting the pH of a di- 
luted sample to 4.5, adding the desired quantity of the enzjujie 
preparation, and incubating overnight at 45 or 37 °C. The 
former temperature was used most often. After the ovei-- 
night incubation the pH was adjusted to 6.8 and further di- 
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null]'' if tH «'<•> '•ni y, 'I’lii*- )>i I'cciliirc i:iivc yood i ('c<)V*'ri(‘s 
nml '< i {n< d Miti- fnrtui y when milk. 

Witli fic'-h «*r pondcn'd milk •Mmjtlf'. it (•oii'-istcnlly fmvr or- 
j.Mtii' 1 (•r<i\ rj it", ttf ;i<ldi fl pt'M ftyh.diitamii’ jicid nnd rcf-ult.'^ 
wliioli \\iT<- m>l i<'i>r<idtifililf. In nn ntl(Mn|t1 to ijuprovf flic 
cnr>jnc frc.-itnii'nl. f»i"-1i milk '.nmjdcs were incnliMlcd Jif }dl 
of .I..’) ;md nt .".7 (', Much lii^lior values rc- 
‘-ultfd fiom thi'. chatmc in jdl. 'I'lic samples were always 
cuiillcd at the end of the oveniii.dif jieriod hut at first this 
wa^ attrihntt'd t<i jtrnfetdytic etr/yines in tin* Imir kidney eon- 
jn!.r.'i*.e pri'pat atien. 

Thi*. wftrk wa^- repeated ami in the second trial some con- 
trol*. without eir/.ynie hut covered with toluene were incubated 
(•verniuht at and others were held overnijrhl at n'C. 

Fnnn the residfs of this trial, rejtorted in table 2, if is aj)- 
pnreiit that covi'rinir tbe sanpile with tolmme dnrinp Ibe in- 
cubation did not ]>r(‘vent sonrimr. nnd that bacterial synfbesis 
of “folic acid” ajiiian'iitly takes place during the sourinic. Jt 
is jios'sible tbat some bacterial growlb and sourinp took ]dace 
even in tbe samples held at Bacterial fri'owtb nnd “folic 

acid” syntbosis njijiear to bnve been limited nt j)!! 4.5, but 
erratic recovery results in other experiments sufTpest this may 
not .'dwnys be true wben fresb milk is incubated with bo{^ kid- 
ney con.iufrnse for jieriods of several hours’ duration. They 
sufrg-est that the enzyme solution may introduce bacteria 
which multiply and increase tbe “folic acid” .synthesis. Sam- 
ples of hitrb quality fresb milk (initial pll G.fi-G.S) have been 
treated with toluene, with benzene, with toluene and chloro- 
form, and with benzene and chloroform and bold overnight 
at .37°C. None of those preservatives prevented the .souring 
of fresh milk. A preservative for this purpose should com- 
pletely ijibibit bacterial growth, .slionld be easily inactivated 
or removed from tbe sample, should not react with “folic 
acid,” should not react with or inactivate tbe conjugase, and 
should not react with other constituents of the sample or 
enzyme preparation to form products that will interfere in 
the enzjTnatic treatment or in the assay. A preservative 
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TABLK C 

Error produced hy hacierxal growth duriug an over n iff hi con jv gas** 

period 


SAMPtE 

THEATMKNT 

nverrutAn 

r.non'a'ir 

**rrtr»rc Af rr>" 

nv 

5. rAKCAM^ 
AS<?\V 

A 

Fresh milk 

1. Straight dilution 
held overnight nt 

5^C 

Suspected 

U9fi 

«^,5 


2. lucubntcd overnight 
nt pH 4.5 with on t 
conjngnse 

Suspected 

1.3 


3. Incubated overnight 
nt pH 4.5 with 
eonjugase 

Suspected 

1,0 


4. Incubated overnight 
at an initial pH o£ 

G.G without conjugase 

VenTjed — milk 
soured and 
clabbered 

21.7 


5. Incubated overnight 
nt an initial pH of 

G.G with conjugase 

Verified — milk 
soured and 
clabbered 

more than 
25.0 

B 

Fresh milk 

Straight dilution 
held overnight nt 

5"C, 

Probably slight 

1,0 


2. Incubated overnight 
at pH 4.5 without 
conjugase 

Probably slight 

0..5 


3. Incubated overnight 
at pH 4.5 with 
conjugase 

Probably slight 

o,r> 


4. Incubated overnight 
at an initial pll of 

G.G without conjugase 

Verified — milk 
soured and 
clabbered 

8.G 


5. Incubated overnight 
at an initial pH of 

0 G with conjugase 

Verified — milk 
soured and 
clabbered 

ir.G 
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' Somo frcT* ncid” U i>ri"<<»nt in tl»* yivist hut this wns not dotoctcvl at 

the nF«ny level ii^ed. The free **folic .arid’' is .a fnnall fraction of the total ''folic 
acid'* in this yeast f ample. 


used since this is optiimim for (lie conjngases and above op- 
timum for many bacteria found in commercial .samples of 
fre-sli milk. Samples were diluted, prepared for assay and 
autoclaved as soon as possible after incubation with the en- 
zyme. The hog kidney conjugase treatments "were made at 
a pH of 4.5, which is below optimum for many bacteria. The 
chiclcen panci-eas eonjugase treatments were made at a pH 
of 7-8, since this enz%nne is inactive at pH 4.5. 

After it had been shown that the hog kidney eonjugase was 
unsuitable for the determination of “folic acid” conjugates 
in milk products, extensive tests and assays were conducted 
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with the crude chicken paiicreuf; eoitiugnse prcjnir/dion <?o- 
seribed above. ^liius, Swendseid and Bird (’47) report tliat 
the chicken pancreas conjugaso i.s not inliibited by micloie 
acid as is the hog kidney cojijiigase. The data given in table 
3 demonstrate that tlie chicken pancrea.s conjngase is not 
inhibited by protein. To test further for the presence of iti- 
hibitors in milk, mixtures of yeast and evaporated milk and 
pteroyl-triglutamic acid and evaporated milk wore tested 
with >S. faecalis before and after incubation with chicken pan- 
creas conjugase. Before enzyme treatment the yeast and milk 


TABLE 4 


Effect of chiclTU pn7tcrcns conjitr/asc treatment on the ** foJxc acid** content 

of evaporated mUk 


Sample NUMBr.n 

•■yoLic ACJa'* IN’ lacoNSTiTVTrp milk 

L, cnxfi nirthofl 

S, /(ifcnXU nsfthrut 

Wi til out 
conjuposc 

With 

coniuRft'e 

'Witliout 

ronjnpnitr' 

With 

crtnjuRRfr 


up /pm 

up/ pm 

UP fvm 

UP /pm 

1 

16 

23 

2.1 

2.7 

o 

9 

35 

0.8 

3.2 

3 

4 

4 

0.7 

O.P 

4 

IG 

1C 

3,3 

2.0 

5 

38 

18 

1.1 

1.2 

C 

10 

14 

\A 

3.8 

Average 

12 

33 

3.2 

1.6 


mixture give a value of 1.72 ag per liter; after enzyme treat- 
ment the value inci-eased to 7.75. Before enzyme treatment 
the pteroyl-triglutamic acid and milk mixture gave a value of 
1.61 ; after conjugase treatment the value increased to 4.35 pg 
per liter. These data clearly illustrate that the chicken pan- 
creas conjugase is active in the presence of milk. In table 4 
data on the “folic acid” content of evaporated milk before and 
after conjugase treatment are given. These suggest that a 
small amount of “folic acid” conjugate may be present in 
some samples of milk, but since the methods are not highlv 
precise they can hardly be considered to prove this point coni- 
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SirrUizaiion losses 

An invest if^at ion tvns nindc of whother or not there is a 
loss of “folic acid’’ activity during' the sterilisation of evap- 
orated milk. Average results from 6 samples .show no loss 
of “folic acid’’ activity as measured by the S. foccalis assay. 
Of the greater activity given by the L. rasci assays, a loss of 
about 15% is shown. When 100 ng of synthetic pteroylghi- 
tamie acid per a 14i oz. can were added to evaporated milk, 
approximately 100% recovery after sterilization was obtained 
with either the S. faecalis or L. easel assays. The results 
showing the stability of “folic acid” during the sterilization 
of evaporated milk are in contrast to the large losses of up 
to 97% found by Cheldelin, Woods and Williams (’43) to 
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occur dui’ing' the cooking' of many foods and to the losses of 
54 to 92% found by Sclnveigert, Pollard and Elvehjem ( ’4G) to 
occur during the cooking of meats. Although because of the 
uide difference in actual values obtained by the L. casei and 
8. faecalis methods it is rather difficult to evaluate fully the 
results on the unfortified samples of milk, the results on the 
fortified samples show that pteroylglutamic acid is not de- 
stroyed by the sterilization treatment. These results are sup- 
ported by the data of Daniel and Kline (’47), who found that 
a solution of crystalline folic acid could be autoclaved for 
30 min. at 121°C. and at a pH of 6.8 without significant loss. 

Chicle assay 

Before the microbiological data compiled above were en- 
tirely collected it became apparent that it would not be easy 
to explain the discrepancy between the L. casei and 8. faecalis 
results, and a small chick assaj’' was planned to show whether 
or not any large amounts of “folic acid” might be present 
in conjugated or other forms available to the chick but not 
to bacteria. Shortly after the chick assay was completed, 
Lillie and Briggs ( ’47) published data obtained by a chick 
method showing that diy skim milk had a veiy low content 
of “folic acid,” but their value is higher than is usually found 
with either microbiological method. "i^Tien the writer recal- 
culates their data to a reconstituted milk basis, a value of 
approximately 60 ng per liter is obtained. In our laboratory 
data in this range have, on a few occasions, been obtained 
with the L. casei method but never with the 8. faecalis method. 
The chick assay was performed by the method of Oleson, 
Hutchings and Sloane (’46). Ten chicks were fed the basal 
ration, and groups of 8 chicks each were fed each of the 
respective supplemented rations. The chicks were weighed 
weekly. At the end of the 4-week experiment hemoglobin de- 
terminations and feather and perosis scorings were made. 
The effect of pteroylglutamic acid on feathering has been 
shown by Oleson, Hutchings and Sloane (’46) and the effect 
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Higlier levels tend to unbalance the ration so that the physi- 
ological response may no longer he comparable to that shown 
on the standard rations. The use of a level as high as 20% 
may he questionable. This is especially true in the case of 
dry milk products, which have a flushing effect on chicks. 

The data presented in table 6 cannot easily he used to assign 
a definite value for the “folic acid” content of the sample 
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imder assay. Although the chick method is not sensitive 
enough to assay milk, it would appear to give results higher 
than those given by either the L. casei or S. faecalis methods 
but which approach more closely to those of the former, 

DISCUSSION 

In this report the term “folic acid” has been used very 
loosely to include any response of the test organism. Al- 
though this response was measured by comparison to a stand- 
ard response produced by synthetic pteroylglutamic acid, it 
is apparent that in milk we may also be measuring other ac- 
tive compounds, and that the biological response may be 
altered by the presence of inhibitors and synergists. The 
fact that milk contains other active compounds, inhibitoi’s 
or synergists may explain the lack of agreement in results 
secured by the various methods, since the response of L. casei, 
S. faecalis and the chick to these substances is known to vary. 

There are many compounds that show stimulatory, sub- 
stitute, or inhibitory effects for L. casei and S. faecalis. Some 
of these are not knoivn to occur in nature, and the presence 
of any of them in significant quantities in milk has not been 
established. Howevei’, the presence of compounds of this type 
may well explain the discrepancy in results secui'ed when the 
three methods under discussion are applied to milk. Stokes 
( ’44) has discussed the folic acid activity of thymine and its 
nucleoside, thjunidine. Ki'ueger and Peterson { ’45) have stud- 
ied the response of L. casei and S. faecalis to tlmnine. Syn- 
thetic inhibitors have been discussed by Daniel, Norris, Scott 
and Heuser { ’47) ; by Daniel and Norris (’47) ; by Pranldin, 
Stokstad and Jukes ( ’47) ; by Hutchings, Mowat, Oleson, Stok- 
stad, Boothe, "Waller, Angier, Semb and Subbarow ( ’47) ; by 
Wooley and Pringle ( ’48) ; by Oleson, Hutchings and Subba- 
row (’48); by Hitchings, Elion, Vander Wertf and Palco 
(’48), and by Strandskov and Wyss (’46). Colio and Babb 
( ’48) reported on a stimulatory growth factor for S. lactis R 
(S. faecalis?). Daniel, Scott, Heuser and Norris (’48) have 
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Konitiszy. Wood and I'Ndkers { ‘-tS) <oi vitamin Hv,- may not he 
directly related to interferenei' in “folic acid" assays, hnl 
they do ])oint ont the similar elM'el of vitamin I’n; and i)teroyl- 
irlutatnie acid in jiromolimr hemotrlohin regeneration in human 
anemias. Ho\V('V(>r. vitamin I?,; appears to he a more sj)eeitie 
atreiit for the alh'viation of Addisonian jan-nieions anemia. Ott, 
Kiekes and Wood ('AS) have rejairted that vitamin B,™ stim- 
ulates ehiek jrrowlh on a diet low in the animal protein factor. 

It is thus ohvi«)us that there are a larire nnmher of com- 
pounds with ])hysio!o;4:ieal ])ro])erties which overlap or coun- 
leract those of pteroyltjlutamic acid. Since the response t») 
these compounds varies from oriranism to oriranism, it is ob- 
vious that it is difiicult if not impossible to assess accurately 
the “folic acid" activity of all foods and feetls by comparison 
Avith a sinj^le standard such as ])teroyltrlutamic acid. Some 
foods can he accurately assayed, others cannot. It is our ex- 
perience that milk falls in the latter class. 

.SfMMAKV 

Data are presented which demonstrate that with the meth- 
ods at present available it is dillicult to arrive at an accurate 
e.stimate of the average “folic acid’’ content of milk. 

Data secured by two microbiological methods and a chick 
technic are not in agreement, but those obtained by any of 
the methods support the conclusion reached by other inves- 
tigators, that milk is a poor source of “folic acid.” 
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iiieji'a'-e'- in eeonoiny of Ixidy train and improvement in carcass 
(luality of swine and i)onUry wlien small amounts of tliiouracil 
arc inchided in tin* ration ('rnrner et al., M-t ; .Mnlirer atid 
Ilotran. *4."): Jv<‘m])sler and Turner. Amlrcws and Sclinct'/.- 
ier, Mfl; .Mnlirer (>t al., M7: Van Der Xoof et al., ‘47, ’48). 
-Andrews and associates (’47) found little or no elTect on the 
srrowlli of lainlis hut noti'd a trend toward a liiirlior irrade of 
carcass. A report by l^eeson et al. (’471)) dealinir with swine 
not c.s only loss of ajipetite and my.vcdema wlicti the tliiouracil 
was added to the diet. Acevedo et al. (’48) j'eport inferior 
frains resultiiifr from the use of 0.2.'3% tliiouracil in the ration 
of 'rrowiii": swine fed ad libitum. Beeson and associates (’47a), 
workinfr with steers, found that feed consumption was not 
affected and that there was a “tendency” for the thionracil- 
fed animals to require less feed per pound of ffain, 

A reduction of 22% in COo jiroduclion in rats has boon re- 
ported by Beineke and associates (’44), who supplied 0.1% 
tliiouracil in drinkin^ water. However, since their animals 
were fed ad libitum (personal communication), the COa pro- 
duced may have been a reflection of the amount of food con- 
sumed as well as of decreased metabolism caused by the drug. 

^ Autliorizcd for publication on October 5, 1048 as paper no. 1477 iu the Journal 
Scries of tlie Pennsylvania Agricultuial Experiment Station. 
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Even with equalized feed intake, greater storage of fat must 
be accompanied by a considerably higher respiratoiy quotient, 
making COo comparisons of little significance. 

A study of these somewhat conflicting reports makes it 
appear that results are directly dependent on the level at 
which thiouraeil is fed, the length of time during which it is 
given, and the age or stage of maturity of the exjierimental 
subject. It may be reasonably assumed from the evidence at 
hand that thiouraeil should not be given to young rapidly grow- 
ing animals, nor should it be fed for any extended period of 
time. It is of course knovm that the drug inhibits the function 
of the thyroid gland, and it is assumed tliat the efficiency of 
body gain results from a lowered basal metabolic rate and 
lesser activity. No reports have appeared, however, so far 
as the present authors are aware, in which actual measure- 
ments of body gains of fat, protein, and heat production have 
been made. The main objective of the work here re]iorled was 
to establish the facts regarding the metabolic effects of thi- 
ouracil on the distribution of feed energy. A fundamental 
study of such a nature should be important as a background if 
thiouraeil should come to have an important place in the 
economj’- of animal production. 

EXPERIiAIENTAL 

Three diets were prepared from a standard stock colony 
diet - in which the level of thiouraeil ® was the only variable. 
To the first, designated as the basal diet, none of the drug 
was added; to the second, 0.1% of thiouraeil was added, and 
to the third, 0.2%. These diets were then compared in a 10- 
Aveek growth, metabolism and body balance study. The ex- 
perimental subjects were 24 male rats, selected as 8 sets of 
litter-mate triplicates. Each rat of a triplicate was assigned 
to one of the dietary groups, thus making three groups of S 
rats each. At the start of the experiment all rats Avere be- 

-Eockland rat diet. 

®The thiouraeil (Peravet) wos kindly furnished by the Ledorle Laboratories, 
Pearl River, Kew York, througli the courtesy of Pr, Mark Welsh. 
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tracted with ether for a 48-hour period. The treatment of the 
ether extract and the body residue was as previously described. 
AVlien the rats were killed at the end of the experiment, the 
thyroid glands were removed and weighed and the bodies were 
analyzed for moisture, ether extract, nitrogen, and energy. 
The total heat production for the 10-week period Avas com- 
puted by the body balance procedure ; that is, as the diH erence 
between the gross energy of the food and the sum of the en- 
ergy of body increase and of excreta. 

During the course of the experiment, between the 4th and 
6th Aveeks, measurements of the fasting heat production of 
all animals Avere made by the Haldane procedure. The animals 
were fasted for a 24-hour period immediately prior to the 
time when they Avere placed in the chambers where the res- 
piration measurements Arere made during a period of at least 
7 hours. 

The energy content of the three diets vms determined, by 
analysis, to be 4,037 cal. per gram, the nitrogen content 3.95^^, 
and the moisture content, 8.39%. 

EESULTS 

During the course of the experiment all of the refusals of 
feed were by the rats Avhich received the thiouracil-supple- 
mented diets. None of these refusals, however, occurred during 
the first 10 days of the experiment, thus making it apparent 
that the taste of thiouracil Avas not objectionable. Acevedo and 
associates (’48) recently reported a similar observation in 
Avorking Avith swine. They noted that the thiouracil-treated 
group consumed feed in amounts similar to those of the con- 
trol group during the first 10 days of the feeding trial and 
also that there Avas no apparent difference between the rates 
of gain of the tAvo groups during the first 9 to 18 days. 

lYliile AndreAA^s and associates (’47) have reported that 
swine, sheep and cattle apparently object to the taste of 
thiouracil, Avhich results in decreased food intake, the authors 
of this paper believe that the taste of thiouracil is only of 
secondary importance Avhen it is fed to rats. Of primary 
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importance is tlie fact that the feeding of thionracil brings 
about a lowering of the animal’s metabolism, and one of the 
first external manifestations of this condition is a depression 
of appetite. 

In the experiment reported here the equalized food intake 
was sufficient to produce some growth and to permit valid 
comparisons of food utilization. 

The average gains in body weight (table 1), excluding the 
contents of the alimentary tract, were 38.2 gm for the control 
rats, 57.0 gm for the rats which received 0.1% thionracil, and 
53.9 gm for the rats which received 0.2% thionracil. Statis- 
tical treatment reveals that these differences are significant, 
with odds of 87 to 1 and 26 to 1, respectively. 


TABLE 1 

Feed consumption^ gain in l)ody weight^ of rats, and dry matter of body gain^ 


RATI OK 

FOOD EATEN 
(dry matter) 

GAIN IN 
BODY WEIGHT 

DRY matter 
OF BODY GAIN 


gm 

gm 

gm 

Basal 

904.5 

38.2 

19.6 

Basal + 0.1% thiouracil 

904.5 

57.0 

28.6 

Basal “f- 0.2% thiouracil 

904.5 

53.9 

33.8 


^ Excluding contents of alimentary tract. 

^ Each datum represents the average of 8 rats during a period of 70 days. 


The average values for dry matter of body gain were 19.6 
gm for the control rats, 28.6 gm for the rats which received 
0.1% thiouracil, and 33.8 gm for the rats which received 
0.2% thiouracil. The odds that these differences are signi- 
ficant are 737 to 1 and 637 to 1, respectively. 

The greater significance obtained by the statistical treat- 
ment of dry matter of the body gains as compared to a 
similar treatment of the gains in body weight can be at- 
tributed directly to differences in moisture content of the 
rat bodies. The average moisture content was 66.2% for the 
control group, 64.7% for the 0.1% thiouracil group, and 
61.7% for the 0.2% thiouracil group. The significance of the 
difference between the first two gi-oups is expressed by odds 
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tracted with ether for a 48-hour period. The treatment of the 
ether extract and the body residue was as previously described. 
AVlien the rats were killed at the end of the experiment, the 
thyroid gdands were removed and weighed and the bodies were 
analj^zed for moisture, ether extract, nitrogen, and energA^ 
The total heat production for the 10-week period was com- 
puted by the body balance procedure ; that is, as the difference 
between the gross energy of the food and the sum of the en- 
ergy of body increase and of excreta. 

During the course of the experiment, between the 4th and 
6tli weeks, measurements of the fasting heat production of 
all animals were made by the Haldane procedure. The animals 
were fasted for a 24-hour period immediately prior to the 
time when they were placed in the chambers where the res- 
piration measurements were made during a period of at least 
7 hours. 

The energy content of the three diets was determined, by 
analysis, to be 4,037 cal. per gram, the nitrogen content 3.95%, 
and the moisture content, 8.39%. 

RESULTS 

During the course of the experiment all of the refusals of 
feed were by the rats which received the thiouracil-supple- 
inented diets. None of these refusals, however, occurred during 
the first 10 days of the experiment, thus making it apparent 
that the taste of thiouracil was not objectionable. Acevedo and 
associates (’48) recently reported a similar observation in 
Avorking AAuth swine. They noted that the thiouracil-treated 
group consumed feed in amounts similar to those of the con- 
trol group during the first 10 days of the feeding trial and 
also that there Avas no apparent difference between the rates 
of gain of the tAvo groups during the first 9 to 18 days. 

While AndreAA’s and associates ( ’47) have reported that 
SAvine, sheep and cattle apparently object to the taste of 
thiouracil, which results in decreased food intake, the authors 
of this paper believe that the taste of thiouracil is only of 
secondaiy impoi’tance AA^hen it is fed to rats. Of primary 
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importance is the fact that the feeding of thiouracil brings 
about a lowering of the animal’s metabolism, and one of the 
first external manifestations of this condition is a depression 
of appetite. 

In the experiment reported here the equalized food intake 
was sufiieient to produce some growth and to permit valid 
comparisons of food utilization. 

The average gains in body weight (table 1), excluding the 
contents of the alimentary tract, were 38.2 gm for the control 
rats, 57.0 gm for the rats which received 0.1% thiouracil, and 
53.9 gm for the rats which received 0.2% thiouracil. Statis- 
tical treatment reveals that these differences are significant, 
Avith odds of 87 to 1 and 26 to 1, respectively. 


TABLE 1 

Teed consumption y gam in hody iveight^ of raiSy and dry 'tnaiter of 'body gain^ 


KATIOX 

I OOD EATEN 
(DRY MATTER) 

GAIN IN 
BODY M EIGHT 

DRY MATTER 
OF BODY GAIN 


ffni 

ym 

ym 

Basal 

904.5 

38.2 

19.6 

Basal -f 0.1% thiouracil 

904.5 

57.0 

28.6 

Basal 4* 0.2% thiouracil 

904.5 

53.9 

33.8 


* Excluding contents of alimentary tract. 

® Each datum represents the a\erage of 8 rats during a period of 70 days. 


The averag'e values for dry matter of body gain were 19.6 
gm for the control rats, 28.6 gm for the rats which received 
0.1% thiouracil, and 33.8 gm for the rats which received 
0.2% thiouracil. The odds that these differences are signi- 
ficant are 737 to 1 and 637 to 1, respectively. 

The greater significance obtained by the statistical treat- 
ment of dry matter of the body gains as compared to a 
similar treatment of the gains in body Aveight can be at- 
tributed directly to differences in moisture content of the 
rat bodies. The average moisture content Avas 66.2% for the 
control group, 64.7% for the 0.1% thiouracil group, and 
61.7% for the 0.2% thiouracil group. The significance of the 
difference betAA^een the first tAvo groups is expressed by odds 
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of 14 to 1, wMle tlie odds are 808 to 1 in tlie case of the first 
and third gi'oups. The foregoing results demonstrate clearly 
that a consideration of gaia in body weight without regard 
to possible variations in moisture content of the animal body 
may frequently lead to erroneous conclusions in the inter- 
pretation of the final results. In contrast to our results is 
the finding by Muhrer et al. (’47) that the carcasses of swine 


table 2 

Vistribtition of feed nitrogen ' 


RATION’ 


feed 


FECES 

digested 

BODY 

GAIN 




gm 


gm 


% 

gm 

Basal 



39.0 


10.0 


74.4 

1.72 

Basal + 0.1% 

thiouracil 


39.0 


9.5 


75.8 

1.84 

Ba.sal + 0.2% 

thiouracil 


39.0 


9.7 


75.3 

1.51 

^Each datum represents the average of 

8 rats during 

a period of 70 days. 




table 3 







Distribution of feed energy ^ 





TT.nn 

TECES 

PI- 

BODY GAIN 

METABO- 

HEAT 

PRO- 

dijctiok 


ENERGY 

GESTED 

Total 

Protein 

Fat 

niZABDE 


Oat. 

Cal 

% 

Cal. 

Cal. 

Cal. 

Cal. 

Cal. 

Basal 

3896.0 

1140.9 

71.4 

116.7 

58.7 

58.0 

2654.0 

2537.3 

Basal + 0.1% 









thiouracil 

3896.0 

1119,5 

71.9 

196.2 

62.9 

133.3 

2667.5 

2471.4 

Basal -f 0.2% 









thiouracil 

3896.0 

1117.6 

72.0 

261.8 

51.5 

210.3 

2667.2 

2405.4 


^ Each datum represents the average of 8 rats during a period of 70 days. 


which had received thiouracil contained 3% more water than 
did those of their controls. 

The addition of thiouracil to the diet did not affect its me- 
tabolizable energj' nor the digestibility of its nitrogen or the 
feed energy. The average digestibility of nitrogen (table 2) 
was 74.4%, 75.8% and 75.3%, and of the feed energy (table 3) 
71.4%, 71.9% and 72.0% with the control, 0.1% thiouracil, and 
0.2% thiouracil rats, respectively. 
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Concomitant with a decrease in heat production, the rats 
receiving thiouracil stored more energj’’ than the control 
group. The average energy gains (table 3) were 116.7 Cal. for 
the controls, 196.2 Cal. for the rats which received 0,1% thi- 
ouracil, and 261.8 Cal. for the rats which recceived 0.2% 
thiouracil. The odds that the difference is significant between 
the controls and the rats on the lowest level of thiouracil are 
575 to 1, and they are 2,499 to 1 that the difference is signi- 
ficant between the controls and the rats which received thi- 
ouracil at the 0.2% level. 

The differences in energy gained as protein are not sig- 
nificant, while the differences in energy gained as fat are 


TABLE 4 

Percentage distrihntion of feed energy and of metabolizable energy ^ 


RATION 

FEED ENERGY 

METABOmZABXiB ENEEOT 

Body 

gain 

Heat 

production 

Body 

gain 

Heat 

production. 


% 

% 


% 

Basal 

2.9 

63.6 

4.4 

95.6 

Basal +0.1% thiouracil 

4.9 

62.0 

7.4 

92.6 

Basal + 0.2% thiouracil 

6.6 

60.3 

9.8 

90.2 

‘ Each datum represents the 

average of 8 rats during 

a period of 

70 days. 


highly significant, the odds being 141 to 1 that the 0.1% thi- 
ouracil group gained more energy as fat than the control 
group, and 3,665 to 1 that the 0.2% thiouracil group gained 
more energy as fat than the control group. Of the energy re- 
tained by the control group, 58.8 Cal, were gained as protein 
and 57.9 Cal. as fat; with the group which received 0.1% 
thiouracil, 62.9 Cal. were gained as protein and 133.3 Cal. as 
fat; and with the 0.2% thiouracil group, 51.5 Cal. were gained 
as protein and 210.3 Cal. as fat. 

The percentages of metabolizable energy utilized for body 
gain (table 4) were 4.4% for the controls, 7.4% for the 0.1% 
thiouracil, and 9,8% for the 0.2% thiouracil groups. 

The groups of rats which gained the most energy (the rats 
which received thiouracil) produced less heat than the con- 
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trol group, tlie tliree groups of animals metabolizing essen- 
tially the same quantities of food energy. The determined 
values for the average total heat production for the 10-Aveek 
experimental period were: 2537.3 Cal. for the control group, 
2471.4 Gal. for the 0.1% thiouracil gTOup and 2405.4 Cal. for 
the 0.2% thiouracil group, or 65.1%, 63.4% and 61.7% of the 
food energy, respectively. The statistical significance of the 
difference betiveen the first two groups is characterized by 
odds of 21 to 1, Avliile odds of 999 to 1 indicate the significance 
of the difference betAveen the control group and the group 
AA'hich received thiouracil at the 0.2% level. 

Consideration of the relathm magnitudes of the values shoAim 
in this table makes clear the fact that at any plane of nutri- 
tion the energj'’ represented by heat production is always far 
greater than that represented by gnin of body substance. Con- 
sequently, a giA^en percentage reduction in heat production, if 
accompanied by a similar absolute gain in body tissue, sig- 
nifies a much larger percentage increase in the latter. 

In regard to the fasting heat production, calculated on a'n 
hourly basis and corrected to uniform live AA’^eight (200 gm), 
the differences betAveen the control and thiouracil treated ani- 
mals were even more significant than in the case of the total 
heat production for the entire 70-day feeding experiment. The 
aA'erage hourly fasting heat production for the control group 
Avas 758 Cal.; for the group Avhich received 0.1% thiouracil, 
673 Cal.; and for the grou}! which recereed 0.2% thiouracil, 
634 Cal. The odds are 737 to 1 that the control group had a 
higher fasting heat production than the group Avhich received 
thiouracil at the 0.1% level, and 4,999 to 1 that the former 
gi’oup had a higher fasting heat production than their pair 
mates Avhich received the diet containing 0.2% thiouracil. The 
control group produced 12.6% and 18.0% more heat than the 
0.1% and 0.2% thiouracil groups, respectreely, the corres- 
ponding values for the 10-Aveek feeding experiment being 
2.7% and 5.5%. 

There Avere significant differences in the average Aveights 
of the thyroid glands at the conclusion of the expei-iment. 
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the average -weight in milligrams for the controls, 0.1% thi- 
ouracil and 0.2% thionracil animals being respectivelj- as 
follows ; 10.4 zh 1-00, 34.7 zh 1.49 and 44.7 zfc 3.18. No histo- 
logical examination was made of the glands, and the general 
appearance of the livers, lungs, hearts, and Iddneys was nor- 
mal. 

The fact that the heat production of the fasting period was 
more significantly decreased hy thionracil than was the heat 
production of the feeding period suggests that this drug 
brings about increased economy of food utilization through 
a reduction in basal metabolism (and probably muscular ae- 
ti-vity) and that the true dynamic effect of the ration may he 
entirely unaffected. 

SUMMARY 

Three diets in which the level of thionracil was the only 
variable were compared in a 10-week g-ro-wth, metabolism, and 
body balance study using 24 male rats, selected as 8 sets of 
litter-mate triplicates, which were between 50 and 55 days of 
age when placed on experiment. Each rat of a given triplicate 
received identical quantities of food. The metabolizable en- 
ergy of the ration was unaffected by thionracil and no sig- 
nificant differences were found in the digestibility of protein 
or feed energ-y or in the body gains of protein. However, the 
rats receiving 0.1% and 0.2% thionracil in their diets gained 
respectively 1.7 and 2.2 times as much energy as the rats on 
the same diet without thionracil, these differences in body gain 
being mainly in the form of fat. Greater gain in body fat 
was accompanied by a corresponding decrease in heat pro- 
duction. 
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It is tlie purpose of this paper to record the results of 
simultaneous food consumption surveys conducted in 44 
Army messes during the period 22 to 28 May 1945, inclusive. 
These surveys were carried out in compliance with an Army 
directive (ASF Circular No. 167, ’45), for the purpose of re- 
viewing the food requirements of troops. The study, together 
mth other data, was used to form a sound basis for dietary 
recommendations in the Zone of Interior. The messes were 
chosen to be representative of the Army in the United States, 
and ranged from those serving soldiers performing sedentary 
duties to those serving soldiers undergoing rigorous training. 
This made possible procurement, under centralized control 
and standard methods, of Army food consumption data 
throughout the Zone of Interior, and distribution curves of 
these data are based on representative samples of food con- 
sumption at a given time. The information contained herein 
vdll add further to the studies made by Murhn and Hilde- 

* The opinions expressed in this paper are those of the authors and do not ncces* 
sarily represent the official vieivs of any governmental agency. 
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brandt (’19), and Howe, Mason and Dinsmore (’19) in World 
War I, and bj' Howe and Berryman (’45) in World War 11. 

METHODS 

Each individual survey in the 44 messes was under the 
direct supervision of a Medical Department Nutrition Officer. 
These officers were scientific specialists originally commis- 
sioned directly from civilian life into the Army of the United 


TABLE 1 

Average qua7ifities of food consumed in 44 Army messes during the period 

22 to 28 May 1945 


FOOD GROUPS 

CONSUMED 

1945 

CONSUMED 
1941-1943 1 


Ihjman/day 

Ih./man/day 

Meat, fish and poultry 

0.834 

0,909 

Eggs 

0.165 

0.149 

Milk and milk products (fluid milk equivalents) 

1.260 

1.016 

Fats, butter and spreads 

0.070 

0.083 

Fats, other 

0.044 

0.069 

Sugar and syrups 

0.280 

0.262 

Cereals and grain products 

0,512 

0.567 

Beans, other legumes (dry), nuts (diy) 

0.036 

0.055 

Vegetables, leafy green or yellow 

0.302 

0.359 

Tomatoes 

0.162 

0.155 

Citrus fruits 

0.332 

0.248 

Potatoes 

0.562 

0.561 

Vegetables, other than leafy green or yellow 

0.248 

0.252 

Fruits, other than citrus 

0.211 

0.358 

Fruits, dried 

0.028 

0.026 


* Average food eousumption in army messes as reported by Howe and Berryman 
(^45). 


States, and had had considerable experience in conducting' 
similar surveys j)rior to the beginning of this study. Since 
these data were obtained during the same 10-day period at 
all stations, and the Nutrition Officers conducting the surveys 
were operating in accordance with centralized instructions, 
it is felt that a high degree of comparability was obtained in 
the results. 
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Nutritional evaluation of the quantities of food consumed 
was carried out by the short method of evaluation of food 
groups described by Berryman and Chatfield ( ’43) and by 
Berrjunan and Howe ( ’44) . 

RESULTS AND DISCUSSION 

Table 1 shows the average quantities of the various food 
groups consumed in the mess per man per day during the 

POaWOS OF EDIBLE WASTE PER MAN PER DAY AS DETERMINED 
IN 44 ARMY MESSES DURING THE PERIOD 22-28 MAY 1945 

NUMSER NUMBER 

OF OF 

MESSES MESSES 



Fig. 1 Distribution curve, showing edible waste during simultaneous surveys 
ot 44 Army messes. Ordinates represent number of messes with a particular value 
of food waste; abscissae represent food wastage in pounds per man per day. 


period under survey; for comparative purposes, food con- 
sumption figures as reported by Howe and Berryman ( ’45) 
are shown in column 2 of this table. In order to determine 
the nutritional adequacy of the food consumed it was neces- 
sary to estimate not only the amounts of food prepared but 
also the amount of each food item wasted, and to subtract the 
nutrients contained therein from the nutrients in the food 
prepared. To obtain data on food wastage, all plate waste 
was segregated by food groups and weighed, and all kitchen 
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waste was also segregated and weighed. The range of food 
wastage in the different messes as shown by our data in figure 
1 was from 0.08 lb. to 0.66 lb. per man per day, resulting in 
an over-all average of 0.24 lb. of edible food per man per day 
or ajpproximately 5% of the food issued by the Quarter- 
master. This figure, as compared to an average edible food 
waste of 0.38 lb. per man per day reported in 1919, and of 


TABLE 2 

Calculated nutritive value of average food consiimed per man per day as determined 
in 44 Army messes during the period 22 to 28 May 1945 


NUTKITIVi: TACTOKS 

COilSUMED 

STANDARD 

DE^UATION 

NRC ' 

Calories 

3,744 

299 

3,000 

Protein (gm) 

127 

11 

70 

Fat (gm) 

181 

28 


Carbohydrates (gm) 

411 

54 


Calcium (gm) 

1.3 

0.2 

0.8 

Phosphorus (gm) 

2.2 

0.2 


Iron (mg) 

23.3 

2.1 

12.0 

Vitamin A (I.U.) 

10,042 

1,960 

5,000 

Thiamine (mg) 

1.6 

0.2 

1.5 

Riboflavin (mg) 

2.9 

0.4 

2.0 

Niacin (mg) 

23.0 

2.4 

15.0 

Ascorbic acid (mg) 

89.0 

12.6 

75 


' 1945 National Research Council recommended daily allowance for a moderately 
active man. 


0.39 lb. ill 1941 and 0.32 lb. in 1943 reported by Howe and 
Berrjunan (’45), indicates the creditable strides made by the 
Army on food conservatioii. 

During this study data were also obtained on messing prac- 
tices, i.e., total elapsed preparation times. The methods of 
cooking and preparation of food were satisfactory in the 
majority of mess halls. In some instances, liowever, improper 
preparation and poor cooking practices were employed, re- 
sulting in lowered nutritive value of the food consumed. The 
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most common infraction of good cooking practices was poor 
timing of food preparation : meat was cooked and salads pre- 
pared too far in advance. Another factor, also having a bear- 
ing upon the amount of food left over, and wasted, was the 
overdrawing and underdrawing of rations. A comparison 
was made of rations drawn %vith the number, of men actually- 
fed, based on head counts made by each IsTutrition Officer, and 


TABLE 3 

Caloric value of food consumed l)y different types of organizations in 44 Army 
messes during the period 22 to 28 May 19 4S 


TTPE or UNIT 

PEGKEE OF 

DUTY 

ACTIVITY 

aiESSES 

SURVEYED 

AVERAGE 
vAi/UE or 
FOOD CONSUMED 



no. 

Cal./man/day 

Armored 

Training 

3 

3,868 

Engineer 

Training 

3 

3,726 

Eield artillery 

Training 

5 

3,722 

Infantr}" 

Training 

15 

3,828 

Military police 

Puty 

3 

3,828 

Quartermaster 

Training 

2 

4,078 

Signal 

Training 

1 

3,507 

Transportation 

Training 

1 

3,676 

Miscellaneous 




Headquarters detachment 

Greneral duty 

6 

3,499 

Hospital patient mess 

Hospital 

3 

3,729 

Basic training 

Training 

2 

3,471 


a compilation of the rations drawn. Of the messes surveyed, 
79% over-drew rations and 20% under-drew rations. Over- 
drawing rations to the extent of 5% was the avei'age for the 
44 messes surveyed. 

The approximate nutritive value of the food consumed for 
the period is sho-wn in table 2. It will he noted that the quan- 
tities of essential nutrients as calculated are liberal, and 
exceed, in every instance, the National Research CouneiPs 
recommended dietary allowances for moderately active men. 
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The various organizations and units surve 3 ’'ed were of 
widely different composition and included a broad range of 
duties and varying levels of physical activity. Included were 
artillery, cavalry, engineer, infantry, medical, military police, 
quartermaster, signal, tank transportation, replacement cen- 
ter and miscellaneous troop units. The average caloi'ic value 
of food consumed by the various t^qoes of units, as sho^vn by 
our data in table 3, ranged from 3,471 Cal. for two basic train- 
ing units, to 4,078 Cal. for two quartermaster units, with a 
total average of 3,744 Cal. per man per daj^ These figures 
indicate there was no significant variation of caloric intake 
with degree of activity of troops. Our estimated average 
caloric intake (3,744) agrees closely with the estimate re- 
ported by Howe and Berrj'^man (’45) in World War II 
(3,694) and the findings of Murlin and Hildebrandt (’19) in 
World War I (3,633). The observation bj^ Howe and Beriy- 
man that the calculated caloric value of food consumed in the 
mess rarely lies outside of the range of 3,000 to 4,000 Cal. is 
corroborated by our data presented in table 3. 

Distribution curves showing the calculated nutritive values 
of the average amount of food consumed per man per day 
during the study are shown in figures 2 to 4 inclusive. 

By actual count, the total number of men served in all the 
messes during the period of survey is as follows: breakfast 
77,441; dinner 85,185; and supper 72,344. It is interesting to 
note the disparity between the number of men sei’ved bi-eak- 
fast, dinner, and supper. Undoubtedly the mess-hall diet was 


Fig. 2 Distribution curves, showing nutrients consumed during simultaneous 
survey of 44 Army messes. Upper left, calories: ordinates represent per cent of 
men 'udth a particular value of caloric intake; abscissae represent calories con- 
sumed per man per day. Upper right, proteins: ordinates represent per cent of 
men with a particular value of protein intake; abscissae represent proteins in 
grams consumed per man per day. Lower left, fat: ordinates represent per cent 
of men with a particular value of fat intake; abscissae represent fat in grams 
consumed per man per day. Lower right, carVoliydrates: ordinates represent per 
cent of men with a particular value of carbohydrate intake; abscissae represent 
carbohydrates in grams consumed per man per day. 
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supplemented by food purchased at post exchanges, restau- 
rants in nearby towns, and personal packages received by the 
individual soldier from relatives and friends. For reasons 
adequately listed by Murlin and Hildebrandt (’19), it is al- 
most impossible to obtain an accurate record of the items con- 
sumed by the soldier outside the mess-ball. However, as the 
result of a nutritional survey of 261 canteens made in 1919, 
Murlin and Hildebrandt reported that the caloric value of 
food purchased at canteens averaged approximately 365 Cal. 
per man per day. McCay et al. (’44), reporting on sales by 
ship’s canteens, estimate the average caloric value of food 
per man per day bought there to be approximately 400 Cal. 
On the basis of these findings it would appear justifiable to 
place the average soldier’s daily caloric intake in the range 
of 4,000 to 4,100 Cal. i.e., 3,700 + 400. Cognizance should be 
taken, however, of the limitations applicable to this supposi- 
tion. It is obvious that certain individuals may eat consid- 
erably more and others considerably less than the averages 
calculated above, both in the mess-hall and outside. 

The minimum, maximum and mean temperatures prevail- 
ing at the various posts, camps and stations during the period 
of survey have been compiled for statistical treatment in 
order to determine their correlation vdth caloric intake. In 
different posts maximum temperatures of from 60° to 96°F., 
minimum temperatures of from 39° to 67 °F., and mean 
temperatures of from 54° to 79 °F. were recorded. Scatter 
diagrams of the various temperatures plotted against caloric 
intake showed no apparent correlation. 

Pig. 3 Distribution curves, showing nutrients consumed during simultaneous 
survey of 44 Army messes. Upper left, calciim: ordinates represent per cent of 
men ivith a particular value of calcium intake; abscissae represent calcium in 
grams consumed per man per day. Upper right, phosphorus: ordinates represent 
per cent of men with a particular value of phosphorus intake; abscissae represent 
phosphorus in grams consumed per man per day. Lower left, iron: ordinates 
represent per cent of men -with a particular value of iron intake; abscissae repre- 
sent iron in milligrams consumed per man per day. Lower right, vitamin A : 
ordinates represent per cent of men with a particular value of vitamin A intake; 
abscissae represent vitamin A in Inteniational Units consumed per man per day. 
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The 44 posts, camps and stations involved had a wide di- 
vei-gence of elevation, ranging from 10 ft. to 6,105 ft. above sea 
level. An attempt was made to determine a possible correla- 
tion between elevation and caloric intake. Elevations at the 
various posts were plotted against caloric intake at each post 
and analyzed statistically. In this particular instance no ap- 
parent correlation existed between these factors. 

SUMMARY 

Simultaneous nutrition surveys were carried out in May, 
1945 at 44 military posts of the United States Army where 
Field Ration A, the rough equivalent of a liberal civilian diet 
in Avhich there is a wide range of food, was provided. The 
food consumption levels reported indicated that, judged by 
Rational Research Council Standards, the American soldier 
in the Zone of Interior received a nutritionally adequate diet, 
although mess operations could have been improved through 
continued education and supervision of mess personnel. In 
the mess the average caloric intake of the average soldier per 
day, as determined by evaluation of food consumed, was ap- 
proximately 3,700 Cal., fortified by an additional 300 to 400 
Cal. consumed per day by virtue of food purchases at the post 
exchange. Food wastage comprised an average of 0.24 lb. of 
edible food per man per day. No significant correlations were 
found between the consumption of any individual nutrient 
and local mean temperature, altitude or the activity of the 
group. 


Pig. 4 Distribution curves, showing nutrients consumed during simultaneous 
survey of 44 Army messes. Upper left, ihiamine: ordinates represent per cent of 
men with a particular value of thiamine intake; abscissae represent thiamine in 
milligrams consumed per man per day. Upper right, riboflavin : ordinates repre- 
sent per cent of men with a particular value of riboflavin intake; abscissae repre- 
sent riboflavin in milligrams consumed per man per day. Lower left, ntacin: 
ordinates represent per cent of men with a particular value of niacin intake; 
abscissae represent niacin in milligrams consumed per man per day. Lower right, 
ascorbic acid: ordinates represent per cent of men with a particular value of 
ascorbic acid intake; abscissae represent ascorbic acid in milligrams consumed 
per man per day. 
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Little is known about tbe food consumption of garrison 
troops in arctic and subarctic cEmates. Most previous work 
bas been done on troops in tbe field, sucb as in tbe Prince 
Albert Trials (Kark, Johnson and Lewis, ’45) and in Exercise 
“Musk Ox” (Kark et al., ’48). Tbe present series of surveys 
was undertaken primarily to obtain information on tbe nu- 
trient intake of garrison troops receiving an abundant ration 
in a subarctic climate. Secondary purposes were to obtain 
information on nutritional requirements as judged by medical 
criteria, and on possible peculiarities of food tastes in cold 
climates. 

A favorable opportunity was offered at Port Cburcbill, 
Canada, because tbe garrison troops in tbe winter of 1947- 
1948 were receiving an abundant and varied ration of fresh 
and frozen foods (Canadian Army Arctic Eation Scale 7, with 
an issue of 5,500 Cal. per man per day) and were under med- 
ical observation throughout tbe winter. 

‘The opinions expressed in this paper are those of the authors and do not 
ilocessarUj" represent the official views of any governmental agency. 
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Fort Churchill is situated on the west coast of Hudson Bay 
at the mouth of the Churchill Eiver, about 500 miles south 
of the Arctic Circle. It was chosen for this survey because of 
the extreme “vindchill” prevailing throughout the winter 
and early spring; in fact, it has one of the most consistently 
severe “windchills” of any inhabited area in the world and 
loss of body heat in exposed personnel is consequently very 
great. Although the temperature does not go as low as in 

o 

TABLE 1 

Average winter weather conditions at Fort ChnrchiU, Manitohaj Canada 
(lO'year period, 1936—1946) 


MEASUREMENT 



MONTH 



Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Mean temperature {°F.) 

6 

— 11 

— 19 

— 17 

— 6 

Mean wind velocity (m.p.h.) 

17 

15 

15 

15 

14 

Mean windchiU* (kg cal-/m®/hr.) 

1,440 

1,680 

1,820 

1,765 

1,585 

Total precipitation (inches^ 






water equivalent) 

1.03 

0.66 

0.48 

0.61 

0.87 


^As defined by Siple (^45), * * ^\'indcliill, ” or dry shade atmospheric cooling, is 
a measure of the quantity of heat \Yhich the atmosphere is capable of absorbing 
from one square meter of exposed surface in one hour. It is expressed in kilogram 
calories per square meter per hour per degree Centigrade (0.369 B.T.TJ. per square 
foot per hour per degree Fahrenheit). The nomogram from u’hich values are 
taken is based on the cooling rate upon a body at a neutral skin temperature of 
33®a (91.4‘’F.). 

many places farther north, the average ■svind velocity is 15 to 
20 miles per hour, and blizzards up to 50 miles per hour are 
quite common. Table 1 gives average winter conditions at 
Fort Churchill for the 10-year period from 1936 to 1946. 

METHODS 

In order to obtain data in early winter’, mid-winter and late 
winter, surveys were conducted from the 9th to 18th of No- 
vember, 1947; the 15th to 24th of February, 1948; and the 
11th to 20th of April, 1948. 



SUBARCTIC NUTRITION 


65 


The surveys were conducted in a mess in wliieli an average 
of 100 men ate all their meals. The military duties of these 
men included routine administration and general camp main- 
tenance. Because of the great variety of duties of each man 
during the winter, it was impractical to secure a uniform 
record of activity. However, judging by interrogation and 
observation, the average man was moderately active and 
spent about three hours daily in the open. 

In the conduct of the surveys, inventories were taken at the 
beginning and the end of each 10-day period, records were 
kept of food issued, plate waste and kitchen waste were 
weighed, and head counts were made at each meal. Compu- 
tations were made by the short methods of Berryman and 
Chatfield (’43) and Berryman and Howe (’44), with the aid 
of the H. S. National Research' Council’s tables of food 
composition (’45). 

At each meal a questionnaire listing all foods and beverages 
sold in the canteen (post exchange in H. S. Army terms) was 
given to 6 men at random; on this each man reported his con- 
sumption of these items for the previous day. 

RESULTS AND DISCUSSION 

Nvtrient infahe 

The average intake of the various nutrients during the 
three 10-day surveys is shown in table 2. In every case the 
intake equals or exceeds the daily allowance recommended 
by the U. S. National Research Council for active men (’48). 
The reason for this excellent showing was because, on the 
average, the soldiers ate large amounts of a well-balanced 
ration. No specially supplemented foods were issued, and 
vitamin pills were not an item of issue. 

This was an adequate diet from the medical viewpoint. Our 
staff at Fort Churchill kept continuous weight records of 16 
men (average weight of 157 lb. in December, 1947) and re- 
corded an average gain of 3.4 lb. per man from December 4, 
1947 to April 22, 1948. 
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Caloric intake in relation to tveatJier 

A mass of observations during "World War I and World 
War H liave led to tlie generalization by Johnson and Kark 
(’47) that the colder the weather the more North American 
troops want to eat. The results of the present surveys are in 
agreement with this generalization. 

During the three surveys temperatures ranged from +31° 
F. to — 37° F., windchill from 400 to 2200, wind velocity from 

TABLE 2 

Nutrients in food consumed "by troops at Fort Churchill, lointer 1947-1948 


NUTEIENT PEKIOD 


9-18 15-24 11-20 

(AveraffD per man per day) Nov. Feb. Apr. 

1947 1948 1948 


Calories (cal.) 

Protein (gm) 

Fat (gm) 

Carbohydrate (gm) 

Calcium (mg) 

Phosphorus (mg) 

Iron (mg) 

Vitamin A (I.TJ.) 

Thiamine^ (uig) 

Eiboflavin* (mg) 

Niacin^ (n^g) 

Ascorbic acid' (nig) 

Average number of men fed daily 


5,290 

5,650 

5,250 

165 

166 

173 

221 

261 

250 

677 

677 

591 

1,455 

1,636 

1,159 

2,736 

2,813 

2,687 

33 

30 

33 

20,278 

10,543 

13,010 

2.50 

2.30 

2.66 

3.45 

3.38 

2.95 

28,8 

20.4 

31.5 

139 

100 

124 

95 

111 

77 


' Corrected for assumed cooking losses. 


6 m.p.h. to 50 m.p.h., daily precipitation from 0.00 inches to 
0.14 inches of snow (water equivalent), and relative humidity 
from 70% to 100%. Figure 1 shows the total caloric intake 
(mess intake plus canteen purchases) in relation to weather 
conditions prevailing at the time of the surveys. The caloric 
intake was inversely correlated with the mean environmental 
temperatures prevailing at the times of the three surveys, and 
vas directly correlated with the mean windchill. In other 
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words, the troops voluntarily regulated their food intake in 
relation to the severity of the outdoor weather. 

Pattern of food intaTce 

Another important generahzation by Johnson and Kark 
(’47) which emerged from observations in World War I and 


CALORIC CONSUMPTION, TEMPERATURE AND WINDCHILL 
FORT CHURCHILL. WINTER 1947- '48 

CALORIC CONSUMPTION MEAN TEMPERATURES MEAN WINDCHILL 



9-J8 15*24 11-20 9-18 15-24 11-20 9-18 15-24 11-20 

NOY FEB. APR. NOV FEB APR NOV FEB. APR. 

1947 1948 1948 1947 1948 1948 1947 1948 1948 


Fig. 1 Total caloric intake of troops at Fort Churchill in Tdnter of 1947-1948 
compared with mean windchill and mean temperatures prevailing at times of 
nutritional surveys. Ordinates, from left to right; Total average caloric intake 
daily per man. Mean temperature, expressed as degrees Fahrenheit. Windchill, 
expressed as kilogram calories per square meter per hour. Abscissae represent 
10-day periods of each survey. 


World War II was that in all climates the relative propor- 
tions of protein, fat, carbohydrate and vitamins consumed 
were suprisingly constant. The present surveys add further 
support to this generalization, particularly in relation to 
protein intake and actual consumption of food items. 

Consumption of food items by groups is shovm in table 3 
for the present surveys and for United States soldiers in the 
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Zone of the Interior as reported by Howe and Berryman {’45) 
for 1943. There is only one group of foods in which the arctic 
ration was consistently lower than the United States garrison 
ration — milk and milk products. This situation was caused 
by a supply problem, the inability to secure fresh milk. Where 
the consumption of lard and other fats was low in the arctic 

TABLE 3 

Average food consimpiion of soJdiers at Fort ChnrchrU, winter of 1947—1948, 
calcitJafed hif food groups 




POET CHUECHinn 

XT. S. AHMY ' 
CAMPS 

roon GROUPS 

9-18 Kov. 
1947 

15-24 Feb. 
1948 

31-20 Apr, 
1948 

1941-1943 
(AVERAGE or 
455 SUEVEYS) 


W./jnan/datf Ih./wan/day 

Jb./m<in/day IhJmanfAoy 

Monts, fisli and poultry 

1.023 

0.980 

1.272 

0.909 

Eggs, fresh 

0.252 

0.261 

0.275 

0.149 

Milk and milk products 

0.719 

0.984 

0.453 

1.016 

Butter 

0.125 

0.178 

0.135 

0.083 

Fats, other 

0.036 

0.074 

0.055 

0.069 

Sugars and carbohydrates 

0.446 

0.540 

0.313 

0.262 

Cereals, grain products 

0.966 

0.922 

0.911 

0.5^7 

Legumes 

0.028 

0.034 

0.040 

0.055 

Vegetables, leafy green and yeno\N 

0.846 

0.248 

0.430 

0.359 

Tomatoes 

0.306 

0.199 

0.300 

0.155 

Fruits, citrus 

0.317 

0.179 

0.222 

0.248 

Potatoes, white 

0,990 

0.948 

1.197 

0.561 

Vegetables, other 

0.511 

0.465 

0.508 

0.252 

Fruits, other 

0.452 

0.223 

0.387 

0.358 

Cheese, Cheddar type 

0.011 

0.008 

0.024 


Fruits, dried 

0 

0.027 

0 

0.026 

AVaste^ (kitchen and plate) 

0.73 

0.51 

0.38 

0.32 


'Data of Howe and Berryman (M5) for XT. S. Army camps. 


diet, it was offset by a higher intake of butter. Plate and 
kitchen waste were very high at first (0.75 Ib./inan/day) in 
comparison with U. S. Army camps listed in table 3 but after 
this situation was appreciated by the proper authorities steps 
were taken to reduce this figure, and by the end of the winter 
waste was down to a reasonable amount (0.38 Ib./man/day). 
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Table 4 presents the average pattern of food consumption 
calculated by food groups and expressed as a percentage of 
the total food consumed. This type of calculation enables us 
to make a direct comparison between the patterns in U. S. 
Army training camps in temiierate environments and those 

TABLE 4 


Average patterns of food consumption of soldiers at Fort Churchill, winter of 
1947-1948, calculated Vy food groups and expressed as percentage 
of total consumption ^ 


FOOD GBOUPS 

FORT CHUHCHILL 

9-18 Xov. 15-24 Feb. ll- 
1948 1948 

-20 Apr. 
1948 

XT. S. ARMY 
CAMPS - 
1941-1943 
(AVERAGE OF 
455 SURVEYS) 


% 

% 

% 

% 

Milk and milk products 

10.1 

15,7 

7.0 

20.0 

Meats, fish and poultry 

14.6 

15.6 

19.5 

17.9 

Cereals 

13.7 

14.7 

14.0 

11.2 

Potatoes, white 

14.1 

15.1 

18.3 

11.1 

Vegetables, leafy green and yellow 

12.0 

4.0 

6.6 

7.1 

Fruits, other than citrus 

6.4 

3.6 

5.9 

7.1 

Sugars and carbohydrates 

6.3 

8.6 

4.8 

5.2 

Vegetables, other 

7.3 

7.4 

7.8 

5.0 

Fruits, citrus 

4.5 

2.9 

3.4 

4.9 

Tomatoes 

4.4 

3.2 

4,6 

3.1 

Eggs, fresh 

3.6 

4.2 

4.2 

2.9 

Butter 

1.8 

2.8 

2.1 

1.6 

Fats, other 

0.5 

1.2 

0.8 

1.4 

Legumes 

0.5 

0.5 

0.6 

1.0 

Fruits, dried 

0 

0.4 

0 

0.5 

Cheese, Cheddar type 

0.2 

0.1 

0.4 

0.0 


^ The data were analyzed statistically and showed no significant difference be- 
tween the distributions, 

* Pata of Howe and Berryman (^45) for U. S- Army camps. 


prevailing at Fort Churchill. Four points may be seen in the 
table. First, consumption of milk and milk products was low 
at Fort Churchill because of the supply problem mentioned 
above. Second, cereals and white potatoes comprised a higher 
percentage of the diet at Fort Churchill. Third, the sura of 
butter and other fats was not greatly different in the U. S. 
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army camps and at Port CliurcMlL Pourtli, there is no 
evidence of an increase in the appetite for any particular type 
of food during the winter. A statistical analysis of the data 
reveals no significant differences. 


TABLE 5 

Pereentape of caloric inialce contributed hp protein, fat, and carhohpdrate m 
rations eaten bp troops in vario^is environments 


EJmBOXMENT AND PLACE 

PBOPOBTIOX OF TOTAIi OALOBXES 
PEOvmEn BT : 

Protein 

Fat 

Oarho- 

hydrate 


% 

% 

% 

1. Arctic and subarctic areas 

Fort Churchill,’ 9-18 November, 1947 

13 

37 

50 

Port Churchill,’ 15-24 February, 1948 

12 

41 

47 

Fort Churchill/ 11-20 April, 1948 

13 

42 

45 

Exercise ^'Musk Ox,^” February-May, 1946 

13 

42 

45 

Temperate areas 

IJ. S. Army Zone of Interior/ 1941-1943 

13 

43 

44 

TJ. S. Army Zone of Interior,* 

Mountain Troops, September, 1946 

14 

44 

42 

S, Tropical areas 

U. S. Army on Guadalcanal/ 1945 

13 

34 

53 

TJ. S. Army on Hawaii/ 1945 

13 

33 

54 

TJ. S, Army on Guam,® 1945 

13 

32 

55 

TJ. S. Army on Iwo Jima/ 1945 

13 

33 

54 

TJ. S. Army on Luzon,® 1945 

12 

34 

54 


* Bata from present surveys. 

*Bata from Kark et al. (M8). 

’Bata from Howe and Berryman (M5), 

^Bata from Crowley, Johnson and Anderson (^47). 

’Bata from Kark et al. (^47). 

Table 5 shows the per cent of Calories furnished by protein, 
fat, and carbohydrate in arctic, temperate and tropical diets. 
The close agreement between the different arctic and subarctic 
diets, and the close similarity among the arctic, subarctic and 
temperate diets, add further substantiation to the findings of 
Kark et al. (’48) from the Canadian Exercise “Musk Ox” 
that North American troops living in the winter in the arctic 
do not voluntarily consume a higher proportion of fat than 
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do troops in temperate climates. The small variation in the 
protein intake in the entire table is striking, and again cor- 
roborates a statement of Johnson and Kark (’47) that North 
American troops voluntarily consume about the same pro- 
portion of protein in the diet regardless of enviromnent. 

SUMMARY 

A study Tvas made of the voluntary food consumption of 
garrison troops at Fort Churchill, Manitoba, Canada, during 
10-day periods in November, 1947, February, 1948, and April, 
1948. Each of the three nutrition surveys was conducted on 
troops who ate together in the same mess and received an 
abundant ration of fresh and frozen foods, providing 5,500 
Cal. per man per day (Canadian Army Arctic Eation 
Scale 7). 

The average daily consumption per man, including canteen 
(post exchange) purchases, in the three surveys was 5,620, 
5,590 and 5,690 Cal., respectively. The intake of all nutrients 
was well above the allowances for active men recommended 
by the U. S. National Research Council. Throughout the win- 
ter the troops were in good health and maintained their body 
weights. 

The caloric intake in the three surveys was inversely cor- 
related with the mean outdoor temperatures prevailing at the 
time of survey, and was directly correlated with the mean 
windchill. 

In all three surveys the percentages of Calories furnished 
by protein, fat and carbohydrate remained almost constant, 
averaging 13, 41 and 46, respectively. These values are not 
significantly different from those reported many times for 
United States troops eating a garrison ration in temperate 
climates. As judged by the consumption of individual food 
items, the pattern of food habits was not different in the sub- 
arctic climate af Fort Churchill from that in U. S. Armv 
training camps in temperate climates. In particular, there 
was no evidence of an increased appetite for fats in the sub- 
arctic winter. 
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TWO FIGURES 

INTRODUCTION 

There are relatively few papers in the literature dealing 
with biotin deficiency in the mouse. In a recent review of the 
vitamin requirements of the mouse, Morris (’47) cited in this 
connection only the work of Nielsen and Black (’44), who 
found that better growth was obtained in mice on a synthetic 
diet when biotin was added than when it was omitted. Com- 
plete symptoms of the deficiency were obtained only when 
0.6% snlfasuxidine was added to the diet. Morris considered 
these experiments to he not very clear-cut because of the poor 
growth response of the mice to the basal ration, since other 
investigators have obtained good growth in mice on similar 
basal rations without the addition of biotin and folic acid. 

Lichstein, Waisman, McCall, Elvehjem and Clark (’45), in 
experiments to test the influence of biotin on the susceptibility 
of Swiss mice to experimental poliomyelitis, produced the 

'Part of the material in this paper is from a thesis presented by Diane H. 
“Wiiiston in partial fulfillment of the requirements for the Sc.M. degree, Brown 
University, 1948. 

* Supported in part by grants from the National Advisory Cancer Council and 
the Rhode Island Cancer Society. 

* Horton-Hallowell Fellow of Wellesley College, 1947-48. National Cancer Insti- 
tute Postdoctorate Research Fellow, 1948-49. 
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deficiency by including- 20% powdered egg albumin in a syn- 
thetic diet. They report symptoms of deficiency like those 
that occur in the rat, appearing after 4 to 8 Aveeks on the diet. 
They had difficulty with diari-hea which they attributed to 
Salmonella infection, and suggested that mice deficient in 
biotin are more susceptible to naturally occurring infections 
than are annuals maintained on a diet optimum in biotin. 
Since the diarrhea was fatal before the 12th day, it appears 
that it may have been due to an effect on the intestinal flora 
that precedes depletion of the biotin in mice. No effect of the 
deficiency on susceptibility to poliomyelitis was observed. 

Kligler, Guggenheim and Hernflaeiser ( ’46) in their study 
of biotin deficiency and resistance to infection used a diet con- 
taining egg Avhite and found an increased susceptibility of 
mice to Salmonella infection. Since their experiments did not 
run over 24 days and they report none of the usual symptoms 
of the deficiency, it may be questioned whether the effect they 
obtained was due to the production of biotin deficiency or 
was merely due to an effect on the intestinal flora which may 
be directly influenced by a diet poor in biotin. 

In our OAvn experiments we have adapted for mice the diets 
used by various investigators for rats, and haAm consistently 
obtained the deficiency. 

EXPEEIAIEXTAL 

The mice used were of a strain of albinos that is being de- 
veloped in this laboratory. It is inbred and selected for vigor 
of groAvth and reproductive performance. The mouse room 
is kept at a constant temperature of from 75° to 78° P. The 
stock diet is a commercial chow * supplemented by rolled oats 
for nursing- mothers and young up to 4 weeks of age. In the 
dietary experiments mice are kept in glass cages Avith floors of 
Avire mesh raised from the bottom to minimize coprophagy. 

For production of the deficiency scAmral diets have been 
used. These are presented in summary in table 1. In all cases 
dried egg white has been included to insure the unavailablity 

^ Purina Laboratory Clio\v» 
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of biotin, and yeast and cod liver oil have been used to supply 
tbe vitamins. We have used two types of egg white : a yellow- 
ish flake produced by drying fresh white of egg, and a powder 
produced by drying white of egg after fermentation to remove 
sugar. The latter corresponds to the imported “Chinese egg 
white” of earlier experimenters. It had been suggested to -us 
that some of the avidin might be destroyed in the fermenting 

TABLE 1 


Composition of diets^ 


INGREUIZKT 



DIET NO. 



ID 

IE 

2A 

5B 

5C 

9A 

Vitamimtest casein (GBI *) 

30 

15 

30 

10 

10 

10 

Egg white 

. . 

15 

. . 

20 

20 

20 

Comstareh (Argo) 



29 

29 

14 

28.5 

Sucrose 

47 

47 



15 

. . 

Criseo 



20 

20 

20 

20 

Corn oil (Mazola) 

7 

7 

4 

4 

4 

4 

Cod liver oil (Squibb) 

2 

2 

2 

2 

2 

2 

Powdered brewers’ yeast (GBI) 

8 

8 

8 

8 

8 

8 

Salt mixture USP XII, no. 2 (GBI) 

4 

4 

7 

7 

7 

7 

Dried liver 

2 

2 





Sulfaguanidino 

•• 




•• 

0.5 


^Several minor variants of these diets have been used in which Criseo replaced 
the com oil, or sucrose all or a part of the cornstarch, or dried liver a part of the 
cornstarch, but no significant differences were observed. 

We thank Henningsen Lamesa, Inc., for the egg white; Merck and Co., Inc., 
for the biotin; the Lederle Laboratory Div., American Cyanamid Co., for the 
sulf aguanidine ; and Armour and Co. for the dried liver. 

* General Biochemicals, Incorporated. 


process, so that the use of the unfermented material might 
be desirable. We have made no quantitative studies but at the 
level we have been feeding egg white no significant difference 
between the two types is apparent. Inasmuch as the unfer- 
mented material must be refrigerated to avoid deterioration 
and must also be ground in a ball mill to assure its proper 
incorporation in the diet, we have found it more convenient 
to use the powdered fermented material. 
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In o-nr first experiments a diet modified from that of 
Emerson and Keresztesy (’42) was employed. In all later 
experiments we have used a basal diet in general use in other 
investigations in this laboratory, differing primarily in that 
it contains a higher percentage of fat. This makes it easier , 
to pack firmly in the food dishes and prevents to some extent 
the scattering of the food, although at best there is consid- 
erable wastage. It is also our feeling that the mice eat the 
diet with the higher fat content more eagerly and grow faster, 
which contributes to the early production of the symptoms. 
This is not in keeping -with the observation of Nielsen and 
Elvehjem ( ’42) that fat seems to have a slight sparing action 
on biotin deficiency, particularly as far as the time of ap- 
pearance of the paralysis is concerned. These workers fed 
to rats diets containing (a) no fat, (b) 5% corn oil, or (c) 
41% lard with 10% egg white, and observed paralysis at 9, 

9 to 12 and 12 to 14 weeks, respectively. Our rations con- 
tained 26% fat and 20% egg white, which may explain the 
difference in our experience. 

"We have used cornstarch rather than sugar as a carbo- 
hydrate in most experiments because there appeared to be no 
advantage in employing sugar in those experiments where it 
was used. Boas ( ’27) observed that potato starch gave some 
protection against egg white injury in rats, but that corn- 
starch had no such effect. 

The dried liver was sometimes used during the first few 
days that the mice were on the diet to minimize the diarrhea 
which frequently occurs (Parsons, ’31). 

For cure of the deficiency symptoms we have injected biotin 
subcutaneously or pulped mouse liver intraperitoneally or 
have substituted the corresponding basal diet for the one 
containing egg white. 

The biotin was given in a dose of either 2 pg or 4 pg a day. 
The liver was prepared by grinding the liver of one adult 
mouse in a glass tissue grinder with 2 ml of Ringer’s fluid. 

A single injection of 0.5 ml of this mixture was the customary 
dose. 
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We have, in the last two years, conducted 20 different ex- 
periments using these various diets to produce biotin defi- 
ciency and have used over 150 mice. Since the purposes of 
the experiments have varied, and consequently the details, 
only two have been selected for detailed presentation. 


Experiment 167 • Production of hiotin deficiency on diet containing 

egg ivhiie 

Nov. 7: Two litters of 8 mice each aged 16 days, weights 5.2 to 7.4 gm, placed 
on diet no. 5B with 2% dried liver. 

Nov. 9; Four developed diarrhea; three died and one recovered. 

Nov. 24: Changed to diet 5B without the dried liver. 

Nov. 29: ( Twenty -tv 70 days on diet.) First symptoms in one animal, eyes 
swollen and much fur gone. 

Bee. 5: Practically no gain in weight since Nov. 29. 

Bee. 16: Symptoms generally developing. 

Jan. 9: Two animals had developed no symptoms and had continued to gain 
weight. All the rest had severe symptoms, including kargaroo posture 
in several. Seven mice used in another experiment. Four with mild 
symptoms retained. 

Jan. 22 to Feb. 19: The remaining animals, with severe symptoms, used in 
other experiments. 

This experiment shows the variability in time of appear- 
ance and in severity of the symptoms, the early diarrhea, and 
the failure of two animals to develop any symptoms long after 
the rest had clearly done so. The average growth curve of 
these mice is shown in figure 1. 

This figure shows the average growth curve of two mice on 
a control diet (2A) of the same composition except that the 
egg white was replaced by casein. Average growth curves 
of mice in two other experiments are also presented : Experi- 
ment 168 with 14 animals on the same diet used in experiment 
167, and experiment 184 mth mice on diet 5C, in which part 
of the cornstarch is replaced by sucrose. 


Experiment SSS. Produciion of hiotin deficiency in mice on a diet containing 
egg white and 0.5% suJfaguanidine 

July 31: Four mice from one litter, aged 18 days, weights 9 to 10.7 gm, placed 
on diet no. 9A. No record of diarrhea. 

Aug. 19: Excellent gain in weight; weights now 21.7 to 26.0 gm. 



average weight in grams 
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Sept, 2: Almost no additional gain in weight, animals all show loss of hair 
and swollen red skin around lower lip (33 days on diet). 

Sept. 20 : Animals now losing weight ; symptoms severe ; 51 days on diet. Daily 
injections of 2 Mg of biotin begun for three animals, the 4th being 
given none. All were retained on the diet. 

Sept. 27: Slight improvement — dose of biotin increased to 4Atg. 

Sept. 29: All treated animals gaining weight and eyes and skin improved. 

Oct. 1-4: Hair generally returning on all bare spots. 

Oct. 11: Untreated animal with extreme symptoms sacrificed for histological 
study. 



AGE OF ANIMALS IN DAYS 

Figure 1 


Oct. 22: Treated mice look perfectly normal; female put with males. 

Oct. 24: Female has vaginal plug. 

IN’ov. 11: Female gave birth to 4 young which she failed to nurse. 

Nov. 13: One male sacrificed for histological study. 

Dec. 3: Female and male still thriving; sacrificed for study of intestinal flora 
and histology. 

The individual gro^vth curves of these mice are shovm in 
figure 2. The occurrence of the symptoms was strikingly 
uniform. Histological study showed that there was no goitro- 
genic effect of the sulfaguanidine. Complete recovery result- 
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mg from injection of biotin Tvbile still on the diet indicates 
that there is no toxic effect of the drug and that the deficiency 
is a simple one. 



Figure 2 


DISCUSSIOK 

We have obtained biotin deficient mice by feeding all of 
the diets in table 1 that contain egg white. At one time or 
another we have seen in the mouse most of the symptoms and 
phenomena described by others as occurring in the rat, and in 
all cases where a cure has been attempted it has been effected. 
In our more recent experiments vnth diet 5B using 16-day- 
okl mice, recognizable symiotoms begin to appear in three 
weeks and by 4 or 5 weeks the symptoms are extreme. The 
animals seem to grow well until about the time the symptoms 
begin to appear, when the growth curve falls off to a plateau 
(fig. 1). The excellent description by Sullivan and Nicholls 
( ’42) and Sullivan, Kolb and Kicholls ( ’42) of the appearance 
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of the sjniiptonis in the rat and their disappearance as cura- 
ti-ve treatment becomes effective is generally applicable to 
the mouse, with the single exception ’ that the considerable 
accumulation of brownish seborrheal material on the skin 
which occurs in the rat seems to be absent in the mouse. 

In a few animals the symptoms fail to appear. An animal 
■without symptoms may be in a cage where the rest have se- 
vei’e symptoms. This seems in many cases to be due to copro- 
phag}’- in spite of the raised -wire mesh bottoms of the cages. 
The fact that the intestinal bacteria may synthesize large 
amounts of biotin has been suggested or shown by several 
workers (e.g., McGregor, Parsons and Peterson, ’47). 

In a few experiments we have used C5- black mice. Several 
investigators have reported a graying of black hairs in rats 
on a diet containing egg white, but Kennedy and Palmer ( ’45) 
failed to obtain it in their experiments. In the O57 black mice 
we observed that the hair becomes rusty and in some cases 
gray. As in the white mice, some areas of the skin become 
completely denuded. After the injection of 2 ag of biotin 
daily for a few days, ■v\ith the animals still on an egg white 
diet, new hair begins to grow out on the bare areas. "While it 
may be gray at first, it ultimately becomes black and shining. 
Emerson and Keresztesy (’42), on the other hand, reported 
that rats rendered biotin deficient on a diet containing egg 
white showed a symmetrical graying of the ingro-wing fur 
after treatment -with biotin for 12 days and that, further- 
more, the gray might persist through 5 weeks of treatment. 
They themselves point out, however, that the persistence of 
the “spectacle eye” condition may indicate that their dose 
was suboptimum. "We would tentatively conclude, therefore, 
that biotin is directly or indirectly a necessary factor in the 
development of black hair color. 

Prom reports in the literature it would appear that when 
the rat is used in the study of biotin deficiency, the production 
of the deficiency is more consistent than we have found it in 
the mouse. One source of variation in results may be the in- 
itial state of the experimental animals. Sullivan and Nieholls 
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(’42) liave summarized tlie evidence in the literature in favor 
of using very young animals, preferably from mothers on 
diets poor in biotin. Our best results have been obtained with 
young weaned as early as possible on the egg white diet, 
preferably on the 16th to the 18th day of age. The nature of 
the intestinal flora must also be a cause of variation, since it 
is normally a source of considerable biotin. Gall, Fenton and 
Cowgill (’47) have shown that the cecal flora of different 
strains of mice may be different. This may be the explana- 
tion of the unexpected behavior of the mice in the experi- 
ments of Nielsen and Black ( ’44), which on a biotin low basal 
diet that would ordinarily produce no deficiency showed 
mai’ked increase in growth when biotin wms added. They con- 
cluded that the mouse needs a dietary source of biotin. 
Fenton, Cowgill and Stone (’48), however, report that with 
their purified diets and under the conditions of their experi- 
ments they have not found that the mouse requires a dietary 
source of biotin or folic acid. To explain the discrepancy they 
suggest the possibility that the requirement for biotin and 
folic acid may be different in different strains. That the dif- 
ference in requirement may be due to differences in cecal flora 
is an obvious possibility. The constancy of our results when 
the change in intestinal flora was controlled by the use of 
sulfa drugs, which is discussed below, is evidence of the im- 
portance of the intestinal flora as a source of variation. 

A disturbing effect sometimes produced when the young 
mice are first placed on the egg white diet is a diarrhea which 
in a few cases may be fatal. This has been observed in rats 
by many workers (Pai'sons, ’31; Parsons and Kelly, ’33; and 
Salmon and Goodman, ’34). In agreement with Bateman 
(’16), we have found no significant intestinal inflammation 
accompanying the diarrhea. On the other hand, Lichstein, 
Waisman, McCall, Elvehjem and Clark (’45) report an acute 
inflammation of the intestinal tract and enlargement of the 
spleen. It is genei'ally agreed that the diarrhea is not due to 
biotin deficiency but to some other action of the egg white 
diet. It seems possible that it may be due to a change in the 



82 


J. "W. ■WILS017, E. H. LEDtrC AHD D. H. WINSTON 


intestinal flora as a result of the lack of available biotin in 
the food. Lichstein and his co-workers found large numbers 
of organisms in the feces which they identified as probably 
Salmonella typhimurium, which may account for the dif- 
ference in our findings ; in our animals the infection may have 
been a less virulent one. This would also account for the fact 
that our animals frequently recover and thrive for some time. 
The diarrhea has not occurred when suEaguanidine has been 
used with the egg white in the diet. This would suggest that 
the coliform organisms are responsible for the diarrhea when 
it does occur, for it is the coliform population in particular 
that is reduced by the sulfa drugs (Evenson, McCoy, Geyer 
and Elvehjem, ’46). 

Several investigators have shown that the inclusion of the 
less readily absorbed sulfa drugs, suEaguanidine and suEa- 
suxidine, in a semisynthetic diet produces a complicated de- 
ficiency in rats that can be prevented or cured by combined 
treatment with folic acid and biotin. The consensus is that 
this is due to a change in the intestinal flora. Evenson et al. 
(’46) have shown that the coliform organisms are almost 
eliminated after 5 days on a diet containing 0.5% sulfa- 
suxidine. Gant, Ransone, McCoy and Elvehjem ( ’43) conclude 
that it is the coliform organisms that produce the biotin and 
folic acid in the intestine, and that this source makes the 
production of the deficiency irregular with egg white and pre- 
vents it on a diet low in biotin. Nielsen, Shull and Peterson 
(’42) have shown that synthesis of biotin is almost arrested 
in the rat on a diet low in biotin with 0.5% suEaguanidine. In 
our experiments the suEaguanidine has been added to a diet 
containing egg white which also contains yeast. This diet has 
been the most successful in the production of the symptoms 
in the mouse. After symptoms were completely developed, 
they were rapidly cured by injection of two to 4o8' of biotin 
subcutaneously daily while the mice were still on the diet con- 
taining suEaguanidine and egg white. One female mouse gave 
birth to a litter on this regimen. She had been on the diet 
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since the age of IS days and had developed and recovered 
from a severe biotin deficiency. 

The deficiency obtained with sulfa drugs when pure vitamin 
suiiplements without folic acid and biotin are used apparently 
involves deficiency not only in these two but also in panto- 
thenic acid (Black, Overman, Elvehjem and Link, ’42) and 
possibly vitamin K (Wright and Welch, ’44). In our experi- 
ments, however, the deficiency is produced by supplying 
avidin in egg white which combines with the available biotin 
of the diet, and at the same time supplying sulfaguanidine 
which eliminates a large part of the biotin synthesis in the 
intestine. Since the symptoms are cured by the subcutaneous 
injection of biotin, the deficiency must be a simple one involv- 
ing biotin alone. Emerson and Wurtz (’45) have used sulfa- 
suxidine in conjunction with egg white to produce biotin 
deficiency in the rat. They also considered that a simple 
biotin deficiency was produced because the symptoms were 
prevented or overcome by the oral administration of 5 ag of 
biotin daily. 

The possibility of toxicity of the sulfaguanidine must he 
considered. It has been shown to be goitrogenic in rats but at 
a higher level than we have fed it (Mackenzie, Mackenzie and 
McCollum, ’41). Black, McKibbin and Elvehjem (’41), how- 
ever, found no harmful effects in rats receiving 0.5% in the 
diet. We have found none in mice after many weeks with 
0.5% in the diet. It would be surprising if any goitrogenic 
effect appeared at this level in the mouse, since even such a 
vigorous goitrogenic agent as thiouracil must be used in the 
mouse at a level much higher than in the rat to produce the 
effect. Other pathological effects following the administra- 
tion of sulfaguanidine have been described by Daft, Ashburn, 
Spicer and Sebrell (’42), Daft, Ashburn and Sebrell (’42), 
and Spicer, Daft, Sebrell and Ashburn (’42). These involve 
changes in arterial walls, muscles, and liver. Welch and 
Wright (’43), however, found no such effects and were un- 
able to explain the discrepancy. Although we have made no 
systematic study, we have seen no evidence of such changes. 
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The fact that the animals recover from severe symptoms 
while still on the diet containing egg white and sulfaguanidine 
when biotin is injected daily, and that they thrive and grow 
and are able to reproduce, would seem to indicate not only that 
the deficiency is a simple one, but that the sulfaguanidine is 
not toxic when fed to mice at the level used. This would, then, 
seem to be the best method of producing biotin deficiency in 
the mouse quickly and certainlj’-. 

STJMMAEY AND CONCLUSIONS 

1. Biotin deficiency has been produced in mice by diets 
containing dried egg white mth and without the addition of 
sulfaguanidine. 

2. All of the symptoms described in the rat have been ob- 
served in the mouse except the accumulation of brownish 
seborrheal material on the skin. 

3. The appearance of the symptoms of the deficiency have 
been variable on the egg white diet without sulfaguanidine. , 
The sources of this variability are discussed. With sulfa- 
guanidine the results have been consistent. 

4. The fur of C57 black mice becomes rusty or gray on the 
deficiency-producing diet. It becomes black when biotin is 
injected while the animals are still on the same diet. It is 
concluded that biotin is directly or indirectly a necessary 
factor in the development of black hair color. 

5. The diari'hea which ma^’’ occur soon after mice are 
placed on the egg white diet is attributed to a change in the 
intestinal flora. 

6. Sulfaguanidine at the level used, 0.5% in the diet, is 
not toxic. 

7 . The deficiency produced by the combination of egg white 
and sulfaguanidine is a simple one since it can be cured by 
the injection of biotin while the animals are still on the diet. 
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In 1936 Bahrs and Wulzen reported a wist stiffness in 
guinea pigs ■wiiicli they considered to result from the lack of 
an antistiffness factor in the diet. Since then this deficiency 
syndrome has been studied in detail by van Wagtendonk and 
IVnlzen and co-woikers (’43-’4:7) at Oregon State College 
and, more recently, by Oleson et al. (’47) and Petering 
etal. (’48). 

The Oregon group has described an impressive list of symp- 
toms •which characterize this deficiency disease, among ■which 
are a stiffness of the wrists and elbow joints, extensive calci- 
fication of the soft tissues, alterations of the concentrations 
of various phosphorus and calcium compounds in tissues, a 
decrease in the sei'um alkaline phosphatase activity, and 
others. 

Among the crude dietary supplements studied, raw sugar 
cane juice has been reported to be the richest source of a factor 
which prevents or cures this joint stiffness. A white crystal- 
line compound was isolated from cane juice by van Wagten- 
donli and Wulzen ( ’46) which reportedly cured wrist stiffness 
when fed in 5 daily doses of 0.002 tjg each. In a more recent 
publication,^ Siraonsen and van Wagtendonk ( ’47) reported 
tbat tbe activity of this crystalline material is actually due to 
traces of an impurity wbicb, as pointed out by an anonymous 
writer in Nutrition Reviews (’48), means a factor active at 

s- 
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a level of tlie “order of 0.00002 mierograra — a vanisliingly 
small figure.” Oleson et al. (’47), after finding that dried 
penicillin mold pad was curative and that this activity was 
found in the sterol fraction, tested 59 pure steroids and found 
that over 24 possessed some antistiffness activity. Of these 
compounds the esters of ergostanol were the most active. 
Petering et al. ( ’48) have reported confirmation of the Oregon 
work in part, i.e., the wist stiffness. Ergostanyl acetate was 
found by these workers not to be as active as Oleson et al. had 
reported. 

Two laboratories have published results which fail to con- 
firm the Oregon work. Kon et al. ( ’46) and Homberger and 
Reed ( ’45) failed to demonstrate wrist stiffness in guinea pigs 
fed a skim milk diet (Wulzen and Bahrs, ’41). Furthermore, 
these workers reported poor conditions of their animals and 
a high mortality, observations confirmed by Petering and 
colleagues (’48), Oleson and associates (’47), and Brown 
(’47). This high mortality on a sldm milk diet led Petering 
and Oleson and their co-workers to use a different basal diet. 

The present paper reports the results of our studies of this 
interesting but confusing syndrome. 

MATERIALS AND METHODS 

Two experiments are here reported involving over 200 
guinea pigs. These guinea pigs, of mixed sexes and weighing 
275-550 gm each, were obtained from a large local colony. 
They were divided at random into treatment groups and fed 
thereafter in individual wire screened cages. Five different 
diets were fed. Three of these diets were the same, insofar 
as was possible, as those described by the Oregon workers. 
Of these three, one was a shim milk diet (TFulzen and Bahrs, 
’41) supplemented with iron, copper, unsweetened orange 
juice, carotene, autoclaved oat straw and salt. Another was 
a dry shim milk diet supplemented with iron, copper, 14 vi- 
tamins and autoclaved straw. The inirified diet (van "Wagten- 
donk, Schocken and 'Wulzen, ’44) included “vitamin-free” 
casein, cornstarch, irradiated yeast, salt mixture, orange juice, 
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mixed tocoplierols and autoclaved straw. The irradiated yeast 
contained 9000 I.IJ. of vitamin D per gram and at the level 
fed (10%) furnished a large excess of this vitamin. The 4th 
diet, designated as the Lederle diet, consisted of natural feed- 
stuff s and was reported hy Oleson et al, ( ’47) to produce a 
stiffness of the wrists. The 5th diet was a commercial calf 
meal which is widely used as a rat stock diet (Maynard, ’30), 
supplemented with salt, autoclaved straw and ascorbic acid 
(7 mg per day). The phosphorus content of the calf meal was 
increased hy adding 2% of NaH 2 P 04 . The calcium and phos- 
phorous contents of the purified, Lederle and calf meal diets 
were, respectively, 0.61% and 0.73%; 0.59% and 0.79%; and 
0.59% and 1.25%. The stock diet fed to some animals con- 
sisted of whole oats, mixed legume hay, fresh forage and 
iodized salt. Water was available to all animals. More than 
usual care was taken in shifting the guinea pigs from a stock 
diet to the experimental diets. In most cases a period of three 
weeks was taken for a complete change of diets, including the 
force feeding of those animals that were reluctant to change. 

The supplements fed as sources of the “antistiffness fac- 
tor” included crude sugar cane juice, ^ sugar cane bagasse,® 
and dried penicillin mold pad.® The cane juice was fed at a 
level of 0.25 ml per pig per day; the bagasse ad libitum (about 
15 gm per day) ; and the penicillin mold pad incorporated in 
the diet at the level of 5%. 

The wrists were tested for stiffness according to the tech- 
nique described by van Wagtendonk and Wulzen (’46). All 
testing was done by one of the present authors (S.E.S.) and 
every attempt was made to make the observations as objective 
as possible. It soon became apparent to us that the subjective- 
ness of this method, along with the variability encountered 
•ivithin guinea pigs, did not justify the relatively precise scale 
of 1-4 used by other woi’kers. Accordingly, a more conserv- 
ative scale of judging the degree of stiffness was used, as 

^Courtesy of Dr. A. G. Keller, Louisiana State University. 

*Sec footnote 1. 

• Courtesy of Dr. J, J. Oleson, Lederle Laboratories. 
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follows: 0 indicates normal flexing of the Mnists; 1 signifies 
definite stiffness, and 2 denotes a wrist joint that is practically 
immobile. 

jSTmnerous X-ray pictures were taken of stiff and normal 
wrist joints. 

RESULTS 

The treatments used and some of the results are sum- 
marized in table 1. 

In the first experiment routine testing of the wrists Avas 
started, but the high rate of mortality indicated the unsatis- 
factory nature of the Oregon diets and the testing was aban- 
doned. Mortality was particularly high (96%) in those ani- 
mals fed the skim milk diet A\dth or Avithout the supplement 

table 1 


Summary of treatvients md results 


PILT 

No 

•used 

G u r X 

Av. 

initial 

■\vt. 

3E A PIGS 

No. stiff 

— 

MORTALITY 

Con- 

sist 

ent 

At 

times 

Neg- 

atne 









Fust 

experiment 




Skim milk 

23 

335 




22 ill 2—3 wks. 

Skim milk cane juice 

15 

321 




15 ill 2-3 ivks. 

Puiified 

15 

360 




10 ju 2—25 wks. 

Purified -f caue juice 

15 

332 




10 in 2—28 iiks. 

Dry skim milk 

15 

302 




10 in 3—7 Avks. 

Dn skim milk caue juice 

15 

286 




10 in 1-12 wks. 

Stock 

22 

292 




2 in 4 wks. 


Second eXpcnment 




Lederle 

15 

460 

6 

7 

2 

0 in 36 wks. 

Lederle -p mold pad 

15 

473 

10 

3 

2 

o in 11—36 wks. 

Purified 

17 

410 

2 

4 

11 

15 in 2-18 ivks. 

Purified -k mold pad 

S 

452 

0 

1 

7 

8 in 2—17 w ks. 

Purified + bagasse 

9 

454 

1 

1 

7 

6 in 2-20 wks. 

Calf meal 

5 

519 

3 

1 

1 

2 in 15 wks. 

Calf meal -f mold pad 

5 

523 

1 

o 

o 

1 in 3 wks. 

Calf meal bagasse 

5 

475 

2 

1 

o 

2 in 3-7 W'ks. 

Drr skim milk 

12 

500 

0 

3 

9 

12 in 2—10 wks. 

Prv *?kim milk + caiio juice 

5 

473 

2 

0 

3 

4 in 3-4 wks. 
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of oane iuice. Those guinea pigs fed the dry skim milk diet 
with or without cane juice fared little better (66% mortality). 
Although mortality was also high in those fed the purified 
diet, the guinea pigs lived for a longer period of time. 

In the meantime our attention had been directed to a diet 
of natural feedstuffs used successfully to develop a wrist stiff- 
ness in the Lederle Laboratories and plans were made to 
study it, as well as a commercial calf meal enriched in phos- 
phorus which in the past had been shown in this laboratory 
to produce extensive soft tissue calcification in the rat. Also, 
additional groups were fed the purified and the dry skim milk 
diets used by the Oregon workers supplemented with other 
reported sources of the “antistiffness factor.” 

In the second experiment, summarized in table 1, it will be 
noted that those animals fed the dry skim milk diet again suf- 
ferred a high mortality (100%), even when the ration was 
supplemented with cane juice. ^Mortality in those fed the puri- 
fied diet was also high even when supplements of penicillin 
mold pad or sugar cane bagasse were fed. On the contrary, 
mortality was low in those animals fed either the Lederle or 
the calf meal diets. 

In the second experiment the wrists of all animals were 
routinely tested over a period of 40 weeks. In agreement with 
the experiences of others, some guinea pigs (19%) had stiff 
wrists when received from the dealer. It is noted in table 1 
that a high percentage of those fed the Lederle diet and the 
calf meal developed stiff wrists. The table designates the 
number which were consistently stiff over a period of 40 
weeks, as well as those which varied from time to time. This 
variation in our animals was large even with the conservative 
scale which we used. This observation is in disagreement with 
Petering et al. (’48), who stated that “no spontaneous cures 
were observed in our animals,” but is in agreement with Ole- 
son et ah, who observed about 13% of spontaneous cures. As 
an example of the variation which we encountered, table 2 pre- 
sents periodic observations of the stiffness of the wrists of the 
15 guinea pigs fed the T.ederle basal diet. Our data give no 
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evidence that either penicillin mold pad or sugar cane bagasse 
significantly affects the incidence of wrist stiffness. Some stiff 
wrists were observed in the guinea pigs fed the purified diet, 
but the incidence was not nearly so high as in those fed either 
the Lederle or the calf meal diets. The guinea pigs fed the 
dry skim milk diet did not survive long enough to permit a 
valid test of their wrists. 


TABLE 2 


Vandbiliiy of wrist stijfness in guinea gigs over a period of 40 weelcs 


guinea pig ^ 
NO. 


VABIABILJTT 


1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

2 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

0 

0 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

0 

0 

0 

5 

0 

1 

2 

2 

1 

1 

2 

2 

2 

1 

1 

1 

0 

1 

1 

6 

2 

1 

1 

1 

2 

1 

2 

2 

2 

2 

2 

2 

1 

2 

2 

7 

0 

0 

0 

0 

1 

0 

1 

1 

2 

0 

0 

0 

0 

1 

0 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

9 

1 

1 

1 

1 

1 

1 

2 

1 

1 

1 

1 

2 

2 

2 

2 

10 

1 

2 

1 

2 

1 

2 

1 

1 

1 

2 

2 

2 

1 

1 

2 

11 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

12 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

13 

1 

1 

1 

1 

1 

0 

0 

1 

1 

1 

0 

1 

0 

0 

0 

14 

0 

0 

0 

1 

1 

1 

0 

1 

0 

1 

0 

0 

0 

0 

0 

15 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

0 

0 

0 


‘Eight wrist only. 


Toward the end of the experiment 6 pairs of guinea pigs 
were carefully chosen to test the curative effects of ergostanyl 
acetate.'* These animals were paired on the basis of previous 
treatment and degree of stiffness. They all were judged def- 
initely stiff. One member of each pair was then fed 25 ag daily 
of ergostanyl acetate, 5 times the effective dose reported by 
Oleson et al. "Wi'ists were tested at 5-day intervals. No dif- 
fex’ence was observed between the two groups either during 
the feeding of this supplement or at the end of 4 weeks. Peter- 
ing et al. (’48) also found ergostanyl acetate ineffective at the 

* Furnished by the Lederle Laboratories. 
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25 (jg per day level, but did report a favorable response at. a 
level of 100 per day. 

X-ray pictures of the wrist joints of 16 stiff guinea pigs 
were compared with X-ray pictures of normal wrists in those 
guinea pigs fed the same diets, as well as vdth stock animals, 
and no evidence of any abnormality was noted. 

The rates of growth are of secondary importance in this 
study and detailed data concerning them are not presented. 
The guinea pigs fed the skim milk or the dry skim milk diets, 
with or without cane juice, for the most part lost weight 
steadily from the beginning. Guinea pigs fed the purified 
diet with or without the various supplements did not grow but 
practically maintained their original weight until a short time 
before death. Those fed the Lederle or the calf meal diets 
made good weight gains' throughout the experiment. The ad- 
dition of the mold pad appeared to decrease food consumption 
and guinea pigs fed such rations made slower rates of gain 
than did other comparable animals. 

It was previously mentioned that one of the symptoms de- 
scribed by the Oregon group was a calcification of the soft 
tissues. We have likewise observed this lesion, particularly 
in those fed the purified diet for a period of months. In these 
guinea pigs there appeared to be no correlation between the 
degree of tissue calcification and the wrist stiffness. Petering 
et al. (’48), using a modification of the Oregon purified diet 
(no irradiated yeast or cod liver oil), did not observe tissue 
calcification up to 4 to 6 months, even though the guinea pigs 
were very stiff. There is thus a suggestion that the wrist stiff- 
ness and the tissue calcification are different syndromes. This 
phase of the problem is being studied further and will be 
reported later. 

DISCUSSION 

To present a reasonable interpretation of the present posi- 
tion of the wrist stiffness sjmdrome in guinea pigs is difficult. 
It appears to be established, however, that guinea pigs will 
develop a stiffness of this joint when fed a rather wide variety 
of diets. In this aspect of the problem the Oregon workers 
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hare been supported by the studies here described, although 
it is still difficult to see how this group could have published 
so many apparently clear-cut results when using diets that 
have in other laboratories led to such large weight losses and 
high rates of mortality. It is, of course, possible that there is 
a marked genetic difference in the animals used by the Oregon 
group and those used by the rest of us, but it is not probable 
that this would account for differences of such magnitude in 
the results obtained. 

Confusion as to the identity of the “antistiffness factor 
is even greater. A recent paper of Simonsen and van Wag- 
tendonk (’47) indicating a protective factor effective at a 
level in the order of 0.00002 ag per day 'will not be accepted 
by many without more rigid proof. "While some of the steroids 
studied by Oleson et al. (’47) may have antistiffness activity, 
the results reported here as Avell as those obtained by Petering 
et al. (’48) indicate a much lower potency than that published 
by Oleson and associates for the most active steroid — 
ergostanyl acetate. Petering et al. reported a favorable effect 
when 100 ag daily doses of ergostanyl acetate were fed. This 
interpretation was based on a change in average stiffness 
rating from 3.0 to 3.7 in 15 days, which was considered sig- 
nificant. A mean difference of 0.7 unit is indeed a small 
change to be considered significant, even when that change is 
objectively measured, as the wrist stiffness was not. The 
most recent paper from the Oregon woi’kers (Christensen 
et al., ’48) concluded that “the (wi-ist stiffness) assay pro- 
cedure is not suitable for quantitative analytical purposes.” 
In these published data mean differences within a treatment 
group differed as widely as 1.8 stiffness units. Evidence that 
sugar cane juice or bagasse or penicillin mold pad are rich in 
the antistiffness factor could not be confirmed in our studies. 

The Oregon publications discuss the wrist stiffness and the 
tissue calcifications as if they were manifestations of the same 
deficiency syndrome. The preliminaiy obseiwations reported 
here and the observations of Petering et al. suggest that they 
may be two different syndromes. The latter workers did not 
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obser%'e calcification at all, even thougli severe stiffness was 
noted. Tbeir basal diet differed from the Oregon purified diet 
in not containing irradiated yeast or cod liver oil. Wlietber 
or not the bigb level of vitamin D fnrnisbed by a diet con- 
taining 10^ of irradiated yeast will lead to toxic calcification 
in the guinea pig is unknown. However, this is a possibility, 
since rough estimates show that such guinea pigs received 
approximately 22,000 I.U. of vitamin D for each 25 gm of diet 
consumed. 

SUMMAEY 

The occurrence of stiff wrist joints and tissue calcifications 
in guinea pigs fed certain diets bas been confirmed. In our 
bands tbe diets originally used by tbe Oregon workers bave 
proved unsatisfactory for tbis purpose, and our evidence does 
not support tbe view that tbe joint stiffness and tbe tissue cal- 
cifications are a part of tbe same syndrome. Evidence was not 
obtained tbat sugar cane juice, sugar cane bagasse, penicillin 
mold pad or ergostanyl acetate possess antistiffness activity. 
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The number of pregnancies in rats of widely different ages 
fed vitamin E deficient diets was found to be significantly 
lower than in controls raised on the same diet supplemented 
•with alpha-tocopherol acetate (Kaunitz and Slanetz, ’47). 
"When single doses of alpha-tocopherol acetate were given to 
deficient, old females after mating, the number of pregnancies 
increased significantly (Kaunitz and Slanetz, ’48). It was con- 
cluded that the failure of deficient females to become pregnant 
was due to disturbances of the implantation process rather 
than to failure of ovulation, fertilization or transport of 
the ova. 

In order to test the validity of this conclusion and to obtain 
information on the ovarian function in vitamin E deficiency, it 
was decided to study the general reproductive phenomena in 
old, vitamin E deficient rats. The experiments were to include 
observations on the character of the female mating behavior, 
the number of ova ovulated and fertilized, and the rate of 
movement of the ova through the oviducts. Females of 
comparable ages from the same colony and maintained on the 

‘Aided by a grant from the Williams-Watcrman fund of the Bcsearch Corpo 
ration. 
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same diet, but supplemented with alpha-toeoplierol, sei’ved 
as controls. 


ilATEBIALS AND METHODS 

Twenty experimental and 22 control albino rats derived 
from a highly inbred colony ranging in age from 149 to 486 
days were used. They represented the three to 5 generations 
maintained continuously on the semi-synthetic diet shown in 
table 1. 

table 1 

CompositioJi of viiamui E defcUnt diet 


BASAIj mixture 


SUPPLEMENTS TO BASAL MIXTURE 





Casein, crude 

30 

Thiamine chloride 

2 

Cerelose 

54 

Riboflavin 

4 

Lard, commercial 

10 

Pyridoxine 

4 

Salt mixture ^ 

4 

Calcium pantothenate 

10 

Celluration 

2 

p-Amiiio benzoic acid 

300 



Choline 

1000 



Inositol 

1000 



Vitamin K 

4 



Oleum percomorphum 

200 


^ Hawk, Oser and Suinmersou (’47)* 


Since lard was the only measurable source of tocopherol in 
the diet it was estimated that the daily intake of tocopherol 
ranged between 20 to 40 [jg.' This diet had previously proved 
satisfactory in studies of growth and bioassays (Kaunitz, ’46; 
Kaunitz and Beavei’, ’46). The control animals were kept on 
the same diet supplemented by 3 mg of synthetic dl-alpha- 
tocopherol acetate ® per 100 gm diet, allowing a daily intake 
of about 300 tig. 

When the region of the iliac crest of a female rat in heat 
is manually stroked, or when she is mounted by a vigorous 

^We are indebted to Dr. Philip L. Harris and Dr. JIarv L. Quaife of Distilla- 
tion Products, Inc., Rochester, New York, for their help in the assay of lard 
samples. 

* We are indebted to Dr. Leo A, Pirk of Hoffman-La Roche, Inc., for supply- 
ing alpha-tocopherol and the other synthetic \*itaniins used. 
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male, the characteristic posture of lordosis is assumed. This 
posture is characterized by extension of the limbs, arching of 
the back and raising of the pudendal area and tail. The onset 
of heat can be accurately determined by this response. The 
relationship between the onset of heat and ovulation is suffi- 
ciently definite that the latter may be said to occur approxi- 
mately 10 hours after the beginning of heat (Blandau, Boling 
and Young, ’41; Boling, Blandau, Soderwall and Young, ’41). 

Females in heat were placed vdth vigorous males in order 
to observe the character of the heat response and to deter- 
mine the time of insemination. At varying intervals after 
mating the females were killed and their reproductive tracts 
examined to ascertain the position of the ova, the total num- 
ber ovulated and fertilized, and whether the fertilized ova 
were developing in a normal manner. 

EXPEEIMEXTS 

Observations on vitamin E deficient rats 

The general character of the pro-estrous and estrous be- 
havior of these females was similar to that of the controls. 
The onset of behavioral estrus in the older animals of both 
the experimental and control groups was neither as abrupt 
nor as intense as in younger females. In the majority of ani- 
mals a definite lordosis response could be elicited either by 
manual manipulation or as the I’esult of mountings of vigoi-ous 
males (table 2). Four of the animals in which the behavioral 
response was not as vigorous eventually mated and fertilized 
ova were found later in their reproductive tracts. One of the 
females showed a typical male-like behavior characterized by 
frequent mounting and considerable genital exploration of 
other females and males. When this female was snbsequentlv 
killed ovulation had not occuri-ed; the ovaries, however, con- 
tained many large, possibly cystic follicles. One of the 20 
females in this group died during the pej-iod of observation. 
Autopsy revealed that both oviducts and cornua contained 
large amounts of purulent material. 



TABLE 2 

Mating hcUavior, number of ova ovulated and fertilhed, and their position in the 
reprodiiotive tract of old vitamin E deficient rats 
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A total of 131 ova were recovered from 18 females in this 
group (table 2). The ova generally were located within the 
segments of the reproductive tract expected for the particular 
time interval between ovulation and death (Huber, ’15). For 
example, the ova of all animals examined up to 20 hours 
after ovulation were confined to the dilated loops of the am- 
pulla and were still surrounded by a varying number of 
layers of granulosa cells. Ova of animals examined 48 or 72 
hours after mating were located in the proximal and distal 
loops of the isthmus, respectively. 

The rate of development in 118 (90%) of the 131 ova re- 
covered appeared to be within normal limits. The remain- 
ing ova (13) were iu various stages of fragmentation. Whether 
their death was due to failure of fertilization or to abnormal 
development after fertilization could not be determined. 

Observations on control rats 

Table 3 summarizes the findings with respect to the con- 
trol group, which had been permitted a daily intake of about 
300 pg alpha-tocopherol acetate. Three of the 22 females in 
this group died of unknown causes during the observation 
period. Two additional females failed to come into beat but 
subsequent examination of their ovaries showed several sets 
of recent corpora lutea. The general pattern of mating be- 
havior was similar to that of the E deficient gi-oup. Two of 
the three females whose lordosis response was not as vigorous 
as that of younger, normal females nevertheless mated, and 
fertilized ova were recovered from their reproductive tracts. 
Another female, found to be in heat by manual manipulation, 
refused to mate with a vigorous male. Subsequent examina- 
tion revealed that ovulation had occurred. 

One hundred and sixteen ova were recovered from 17 fe- 
males, 81% of which were developing normally. Six percent 
of the ova recovei-ed were not fertilized. The rate of trans- 
port of ova through the oviducts was normal. 
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DISCUSSION 

One of the most striking aspects of vitamin E deficiency in 
the rat is the testicular degeneration resulting in cessation of 
sperm production (Mason, ’33). No comparable effect on 
the ovaries of rats has been observed (Stabler, Hebestreit 
and Fladung, ’40). Ovulation and fertilization as well as the 
development of ova during their sojourn in the oviduct were 
shown in the present experiments to be normal even in old, 
deficient animals. 

Wiesner and Baeharach (’37) reported that prolonged 
vitamin E deficiency reduces the intensity of reproductive 
behavior in male rats reared on an E deficient diet from the 
time of Aveaniug. Similarly, Martin and Moore (’39) found 
that female rats deprived of Adtamin E for prolonged periods 
shoAA’-ed abnoiTnal estrous cycles. Although the length of the 
reproductive cj’^cles Avas not determined in either group of 
animals in the present iuA^estig-ation, one obtained the im- 
pression that the cycles in both groups Avere considerably 
longer than in younger animals. HoAA^evei', Avhen a female 
came into heat her behaA’ioral response was of sufficient vigor 
to alloAv successful mating and insemination. The general 
deci-ease in the intensity of the behaAdoral response in both 
groups of animals is interiireted as an effect of aging, since 
a similar diminution of sexual behavior is commonly seen in 
older breeding animals. 

The reduced ability of the vitamin E deficient rat to be- 
come pregnant appears to be caused by uterine rather than 
OA'arian dysfunction. Intense pigmentation of the uterine 
smooth muscle is characteristic of adA'aneing age in E defi- 
cient animals, yet results to date indicate that this does not 
seriously impair the physiological response of this organ to 
sympatho- and para.sypathomimetic drugs. The possibility 
nevertheless e.xists that metabolic clianges related to this 
phenomenon could impair the mechanism of implantation or 
early placental development (l\Iartin and Moore, ”39). 



104 


BLAXDAU, KAUIfITZ AND SIANETZ 


SUMMAEY 

In older vitamin E deficient female rats the pattern of 
mating behavior, number of ova ovulated and fertilized, and 
early development and transport of ova through the oviducts 
is comparable to that of females raised on the same diet 
supplemented by alpha-tocopherol. The low fecundity rate of 
vitamin E deficient rats is, therefore, apparently due to 
disturbances of the uterine implantation of the ovum rather 
than to failure of ovulation, fertilization, or transport of ova 
through the oviducts. 
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Gulia (’31) reported that rats rapidly declined in weight 
and died when galactose was used as the carbohydrate in a 
fat-free diet. Bilateral cactaract was observed in rats fed 
70% lactose by Mitchell and Dodge ( ’35). Schantz et al. ( ’38) 
fed rats on mineralized skim milk and found sugar in the 
urine, which was identified as galactose; similar animals fed 
mineralized whole milk made eflScient utilization of the millc 
sugar. These workers noted that 3 to 4% fat in the mineral- 
ized skim milk diet prevented the loss of sugar in the urine. 
In a further study Schantz and Krewson (’39) reported that 
even chain fatty acids with over 12 carbon atoms fed at a 
rate of 3 to 4% were effective in preventing the loss of ga- 
lactose in the urine of rats fed mineralized skim milk, while 
such fatty acids of less than 12 atoms were not effective in 
preventing this loss. 

It was reported by Coudh et al. (’48) that the feeding of 
15% lactose in a purified diet to laying hens appeared to have 
a deleterious, effect on egg production after about three 
weeks. Twenty-five per cent dried whey (equivalent to 15% 
lactose) had a similar effect. It was noted further that neither 

‘Published with the approval of the Director of the ^Viscous^n Agricultural 
Experiment Station, Supported in part hy a grant from the AVestern Conden- 
sing Company, San Francisco, California. 
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lactose nor dried ■\vliey promoted the intestinal sj^tliesis of 
biotin. 

The present investigation was initiated to study the utiliza- 
tion of lactose by the laying hen. It was deemed advisable 
to use 63% lactose since it Avas thought that the use of this 
sugar as the only carbohydrate in a purified diet would give 
more accurate data on its utilization by the laying hen. 

MATEBIALS AND METHOD 

Single-comb Wliite Leghorn pullets reared on the Experi- 
ment Station range Avere placed in individual laying cages 
Avith raised screen bottoms. All birds Avere artificially insem- 
inated weekly with mixed semen from Ncav Hampshire cock- 
erels. All eggs laid Avere marked with the hen’s number and 
date. Settings Avere made Aveekly. The eggs were candled on 
the 7th and 17th days of incubation, at Avhich times the in- 
fertile eggs and dead embryos were removed. All eggs AA’’hich 
Avere remoA'^ed on candling, and also those AA^hich failed to 
hatch, Avere broken and the ag'e of the embryo at the time of 
death Avas estimated. 

The composition of the experimental diets is given in table 
1. FiA’'e experiments Avere conducted. Four birds AA'ei’e in- 
cluded in all gToups. In experiment 1 diets B36 and B37 AA’^ere 
fed for a 4-week period. Experiment 2 included diets B36A 
and B41— 44A. At the end of the first two weeks diets B43 
and B44 Avere discontinued and two hens from each of these 
groups Avere fed diet B44A for the remainder of the expeil- 
ment. Diet B34 serA^ed as a control diet for this 7-Aveek ex- 
periment. In experiment 3 diets B36A, B44A and B50 AA'ere 
fed for a 5-Aveek period. B34 again served as the positive 
control. The birds AA'ere continued on diet B36A and 44A for the 
metabolism studies outlined beloAv after experiment 3 Avas 
terminated. 

Two metabolism experimeirts Avere carried out. In the first 
case 4 birds were fed the practical all-mash diet (Diet B1 of 
Eobblee et al., ’48) ad libitum and in addition tAvo of these 
birds Avere giA’en by capsule 25 gm of a 1:1 mixture of galac- 
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tose and glucose, while the remaining two were given 25 gm 
of lactose. Blood was obtained by puncturing the Aving vein. 
Blood galactose determinations were made on individual hens 
each hour for 4 hours after the administration of the sugar. 
In the second metabolism experiment one group of 4 hens 

TABLE 1 

Goviposition of experimental diets (parts hy weight) 


DIET 


COJIPOKEXTS 

B34 

B36 

B36A 

B37 

B41 

B42 

B43 

B44 

B44A 

B50 




Dietary components Icept constant 



Casein 











purified 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

Gelatin 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

Salts IV 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

Liver 











fraction L 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Fish oil 











(3000 A, 400 D) 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

Choline 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

Crystalline vitamins ^ 










Oyster shells — ad libitum 












Dietary components that were varied 



Sucrose 

63 










Whole milk 











powder 










100* 

Lactose 


63 

63 

63 

60 

58 

63 

53 

38 


Soybean oil 

3 

3 

3 


3 

3 

3 

13 

28 


Butter oil 




3 







Fish solubles 





3 






Whole liver 











powder 






5 





Desiccated 











thyroid 







0.125 




Biotin (mg/kg) 

0.2 


0.2 


0.2 

0.2 

0.2 

0.2 

0.2 



* Crystnllhie vitnmins, in milligrams per kilogram of ration, added to all diets 
as follows: Tliiaminc-HCl 4; riboflavin G; Ca -pantothenate 15; niacin 100* 
menadione 0.5; pyridoxine-HCl 4; alplia-tocopherol 4. 

* Fortified linliver oil (GO, 000 A, 10,000 D) two drops per heii daily. Also, in 
milligrams per kilogram of ration: Iron 20, copper 2, manganese 50, and iodine 1. 
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^vas fed diet B36A and a second group of 4 was fed diet B44A 
ad libitum. Two birds from eaeb group were given individual 
doses of 25 gm of a 1 :1 mixture of galactose and glucose, while 
the other two birds were each given 25 gm of lactose by cap- 
sule. Individual blood galactose determinations were made 
at the end of the first, second, third, 6th and 8th hours. 

Blood glucose or total blood sugar was determined accord- 
ing to the method of Folin and Malmros (’29) as modified by 
Horvath and Knehr (’41). In each instance a separate sample 
(0.1 ml) of blood was collected for the galactose determination, 
which was carried out as outlined below. One-tenth milli- 
liter of whole blood was pipetted into 10 ml of sodium tung- 
state-sulfuric acid solution (Folin and Malmros, ’29). After 
centrifuging, 8 ml of supernatant liquid was pipetted into 
another centrifuge tube and 0.2 ml of fresh live yeast (pre- 
pared by washing 6 to 8 times with water — 1 gm washed 
yeast made up to 2 ml) added. After incubation at 37 °C. for 
30 min., an aliquot (4 ml) was taken and was carried through 
the procedure outlined above for determining total blood 
sugar. It was found that the yeast failed to remove com- 
pletely the reducing substances of the blood from the blood 
of hens fed sucrose (diet B34). Thus it was necessary to 
use blood from hens fed sucrose as a blank in each series. 
In this case the milligram per cent of reducing substances in 
the blood of hens fed diet B34 was calculated in each deter- 
mination after fermentation with yeast; this value was sub- 
tracted from the milligram per cent galactose observed after 
fermentation of blood from hens fed lactose, or the blood of 
those fed the 1:1 mixture of galactose and glucose. The fig- 
ure thus obtained was termed “milligram per cent galactose.” 

EXPEBIMENTAL BESULTS 

Experiment 1 was designed to test the effect of butterfat 
and soybean oil on the intestinal synthesis of biotin with lac- 
tose as the carbohydrate. As is shown in table 2, neither diet 
B36 nor B37 supported egg production. Thus this experiment 
yielded no data on the relation of fat to intestinal synthesis. 
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but its results are included here to show the effect on egg 
production of diets containing lactose as the sole carbo- 
hydrate. 

The egg production and hatchability data obtained in ex- 
periments 2 and 3 are presented in table 2. It may be seen 
that the rate of production of the birds fed diet B36A fell 
rapidly. These birds ceased to lay after the second week of 
the experiment. The addition of fish solubles (B41) or des- 

TABLE 2 


Effect of diets on egg production and liatcliability 


EXPEBI- 

DIET 

NO. 



EGG PEODUCTIOK 





MEKT 

NO. 

Pre- 

exptl. 

1 

week 

2 

week 

3 

week 

4 

week 

5 

week 

6 

week 

7 

week 

BILIXr 




% 

% 

% 

% 

% 

% 


% 

1 

B36 

— 

46 

0 

0 

0 




80 


B37 

— 

46 

0 

0 

0 




67 

2 

B34 

79 

79 

68 

70 

79 

79 

64 

71 

90 


B36A 

75 

43 

6 

0 

0 

0 

0 

4 

100 


B41 

75 

43 

21 

4 

4 

0 

0 

4 

89 


B42 

68 

35 

10 

10 

18 

35 

21 

14 

75 


B43 

75 

39 

0^ 

— 

— 

— 

— 

— 

100 


B44 

61 

21 

O' 

— 

— 

— 

— 

— 

76 


B44A 



2 

0 

26 

57 

53 

43 

90 

3 

B34 

68 

71 

58 

64 

64 

57 



70 


B36A 

85 

47 

10 

3 

0 

0 



100 


B44A 

85 

48 

57 

64 

64 

57 



84 


B50 

75 

39 

18 

39 

53 

43 



91 


' Discontinued. 

* Tiro hens from diet B43 and two from B44 given diet B44A. 


iceated thyroid (B43), or an increase in the level of soybean 
oil to 13% (B44) failed to result in improved egg production. 
The addition of 5% whole liver powder to diet B36 {B42) re- 
sulted in some improvement in production, although it is 
obvious that production was significantly below that obtained 
with the control diet, B34. 

It has been mentioned earlier that the gi’Oups fed diets B43 
and B44 were discontinued at tlie end of the second week : the 
per cent egg production of these groups was zero at this time. 



no 


COtrCH AIJD OTHEES 


Two hens were selected from each of those groups at the end 
of the second week and were fed diet B4;4A (lactose with 
30% fat) from the beginning of the third through the 7th 
week of the test. The egg production of hens fed diet B4:4A 
increased, and approached that of those fed B34. From these 
results it is apparent that 30% fat with lactose (diet B44A) 
tended to correct the deleterious effect of lactose alone on egg 
production when fed to the laying hen. 

Further evidence that a high level of fat counteracts the 
deleterious effect of lactose on laying hens is shoum in the 
results of experiment 3. Although production was somewhat 
erratic, due to the small number of birds in each group, it 
is obvious that diet B44A supported production at a rate 
equal to that of the control diet, B34. Egg production of the 
birds fed dried whole milk (B50) decreased during the first 
two weeks of the experiment, then increased to a level some- 
what below that obtained with the control ration. The whole 
milk powder was quite hygroscopic and tended to gum up in 
the beak as it was eaten. One hen of the group refused to eat 
an appreciable quantity of the diet and laid no eggs after 
the first week of the experiment. The weight of this bird de- 
creased approximately two-thirds during the experiment, 
whereas the other hens fed the whole milk loowder gained 
from 200 to 400 gm each during the test. The body weights 
of hens fed diet B36A fluctuated within about 100 gm of the 
starting weight in each instance. 

The hatchability data for all groups of birds, given in table 
2, show that there is no significant difference in this respect 
in any of the rations fed in these experiments. 

The results of the metabolism studies are given in table 3. 
These data indicate that the presence of 30% fat in a lactose 
diet aids in the utilization of this carbohydrate. This is ap- 
parent when the figure for milligram per cent of galactose 
in the blood of hens fed the practical diet is compared with 
that of the hens fed diet 44A, where both groups had re- 
ceived a 25 gm dose of the 1:1 mixture of glucose and galac- 
tose. The practical diet contained 5 to 6% fat and when 
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liens were fed this diet and given 25 gm of the sugar mixture, 
the blood galactose level was higher throughout the 4-hour 
period than that of hens fed a lactose diet containing 30% fat. 
Similar and more convincing results were obtained when the 
glucose-galactose mixture was fed to one group of hens re- 
ceiving a ration containing 5% fat (B36A) and to another re- 
ceiving a diet containing 30% fat (B44A). 

TABLE 3 

Effect of fat on blood galactose level after administration of 25 gm of lactose or 
25 gm of a 1:1 mixture of glucose plus galactose 


MG % galactose at HOURS AFTER FEEDING 



(Lactose 

0 

20 

7 

20 



Practical 

(Glucose + galactose 

SO 

150 

148 

212 



B44A 

r Lactose 

36 

18 

18 

13 



(30% fat) 

{Glucose + galactose 

62 

91 

140 

165 



B36A 

( Lactose 

0 

18 

9 


8 

8 

(5% fat) 

(.Glucose + galactose 

76 

124 

170 


193 

191 

B44A 

(Lactose 

0 

30 

5 


5 

5 

(30% fat) 

(Glucose + galactose 

42 

60 

82 


64 

42 


In view of the fact that the feeding of lactose in a purified 
diet (B36A) stopped the hens from laying in such a short 
time, it was thought that galactose in the Mood of the fowl 
might in some manner he interfering with the secretion of the 
hormones of the anterior pituitary, which control egg pro- 
duction. However, when hens were fed diet B36A and in- 
.iected in one case with a preparation of the luteinizing hormone 
and in another with a preparation of the anterior pituitary, 
egg production of birds receiving the Injections was about the 
same as that of those fed diet B36A without injections. It 
was noted that injection of the hormones caused a decided de- 
crease in weight (500 to 600 gm per bird in two weeks). 
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DISCUSSION 

The egg production data show clearly that the presence 
of fat in the diet enables the hen to use high levels of lactose, 
as is indicated by continued egg production. 

The effect of fat could be considered as a mere replacement 
of lactose in the diet. If such is the case, then the addition 
of sucrose to a lactose diet should have a similar effect, but 
previous work with a diet containing 15% lactose (Couch et 
ah, ’4;8-diet B33) showed that sucrose in amounts isocaloric 
to the fat in the present experiments did not prevent this de- 
leterious effect of lactose on egg production. 

It was mentioned above that Schantz et al. (’38) observed 
galactosuria in rats fed skim milk, but when the skim milk 
was supplemented by 3 to 4% fat the loss of sugar in the 
urine was prevented. Geyer et al. ( ’45 ) , also using galactosuria 
as a criterion, concluded that fat increases the utilization of 
galactose. Nieft and Deuel (’47) found that the rate of in- 
testinal absorption of galactose in the rat varies inversely 
with the percentage of fat in the diet. They suggest that the 
galactosuria may be a “flooding effect” produced by the faster 
absorption rate of galactose, and that the slowing of this ab- 
sorption by the fat enables the rat to metabolize the galac- 
tose more completely, thus preventing galactosuria. 

While our short period blood sugar studies do not indicate an 
effect of fat on the galactose level of the blood when lactose is 
fed, the data obtained from the hens fed the mixture of glu- 
cose and galactose show that the pi’esence of high fat in the 
diet results in lower blood galactose levels. This effect might be 
due, as suggested by Nieft and Deuel, to a slower absorp- 
tion rate and the prevention of “flooding,” It may also be 
a metabolic effect produced after the galactose reaches the 
blood. Further work is being carried out in our laboratory 
to study this possibility. 


SUMJIARY 

Laying hens fed a purified diet with lactose as the carbo- 
hydrate ceased laying in one to two weeks after being placed 
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on the diet. Thirty per cent fat in the diet corrected the 
deleterious effect of lactose on egg production. High levels 
of lactose appeared not to affect hatehahility. 

In metabolism studies high levels of fat in the diet re- 
sulted in lower blood galactose levels when galactose was 
administered orally. 
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RELATION OF IODINE TO THE GOITROGENIC 
PROPERTIES OP SOYBEANS ^ 
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Department of Biochemistry, College of Agriculture, University 
of Wisconsin, l^adison 


FOUR FIGURES 


(Received for publication Pebruary 16, 1949) 


Various investigators have reported that soybeans contain 
a goitrogenic agent which increases the iodine requirement 
of chicks and rats. McCarrison (’33) reported a high inci- 
dence of thyroid enlargement in rats fed a diet containing raw 
soybeans. His results indicated that raw soybeans produce 
goiter even when iodine is fed in large amounts. Sharpless 
et al. (’39) reported that soybean flour contains a positive 
goitrogenic property that is partially removed or destroyed 
by fat solvents (ether or acetone) or by steam. Wilgus et al. 
(’41) also found that the soybean agent was partially inacti- 
vated by heat, but they were unable to extract the factor with 
solvents similar to those employed by Sharpless. Both groups 
of investigators showed that the addition of small amounts 
of iodine to the goitrogenic diets will largely prevent the 
thyroid enlargement. They also showed that the goitrogenic 
property of soybeans is not due solely to their low iodine con- 
tent. Wilgus et al. found the iodine content of a ration con- 
taining 15% casein to be approximately the same as that in 

* Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station. Supported in part bv the Research Committee of the 
Graduate School from funds supplied by the Wisconsin Alumni Research Founda- 
tion, The authors wish to acknowledge the assistance of Mrs. Marin V. Adler in 
making many of the iodine determinations. 
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the goitrogenic soybean rations, yet the casein ration caused 
onl}'’ minor thyroid enlargement in comparison to the soybean 
rations. Sharpless et al. adjusted the iodine content of a soy- 
bean diet by supplementation to a level comparable to that 
of the stock ration and then measured the thja’oid size and 
iodine content of glands from animals in both experimental 
and control gToups. The thyroid glands of the stock animals 
were normal but the glands from the soybean rats were en- 
larged and low in iodine. 

The rachitic ration of Steenbock and Black (’ 25 ), which 
was modified by Levine et al. (’33), has been; reported by 
several investigators (Krauss and Monroe, ’30; Thompson, 
’32; Hall, ’46) to produce goiter in rats. The composition of 
this ration, as modified, follows: yellow corn, 76 parts; wheat 
gluten, 20 parts ; CaCOg three parts ; NaCl, one part ; and ir- 
'radiated yeast, 0.2 part. Levine et al., Thompson, and Hall 
have shomi that the goitrogenic properties of this ration are 
prevented by small amounts of iodine. In cases where this 
diet fails to produce goiter, either the ration contains signifi- 
cant amounts of iodine or the rats employed in the expei’i- 
ment have a high initial store of reserve iodine. Levine et al. 
also showed that 1 to 2 pg of iodine are required per day to 
maintain normal thyi’oid structure in the growing rat. The 
I'equirement was detei-mined by comparing the weight, iodine 
content and dry matter content of thyroid glands from rats 
supplemented with various levels of iodine (KI). Most in- 
vestigators accept the iodine requirement of the growing rat 
as detei'mined by these workers as being the noi’mal value. 
The question of whether this requirement is altered by di- 
verse tjqpes of diets has not been adequately investigated. The 
fact that animal pi*oteins such as casein (Remington, ’37) 
generally contain significant amounts of iodine has prevented 
their general use in iodine requirement studies. 

EXPEEniENTAL 

The effect of iodine supplements upon the size, iodine con- 
tent and histological structure of the thyroid gland was 
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studied with rats fed various types of soybean-containing 
rations. In the first experiment two groups of rats (6 per 
group) were fed a soybean ration to test the effect of soy- 
beans in causing increased thyroid enlargement. One of the 
groups received no added iodine and the other received an 
iodine supplement of 2.0 ^ig of iodine per rat per day. The 
soybean ration consisted of 10 parts of raw soybeans added 
to 90 parts of the basal ration. 

Rations 

The basal ration selected was similar to the previously 
described diet employed by Levine et al. (’33). The percent- 
age composition of the ration foUows: wheat gluten, 30; 
ground yellow corn, 68; NaCl, 1; and CaCOa, 1. Reagent grade 
NaCl and CaCOa were used in the rations. The watei’-soluble 
vitamins were dry mixed with the wheat gluten before the 
ration was prepared. The vitamin levels added per kilogram 
of ration follow : 6,0 mg thiamine hydrochloride, 9.0 mg ribo- 
flavin, 9.0 mg pyridoxiue hydrochloride, 60.0 mg calcium 
pantothenate, 20.0 mg nicotinic acid, 300.0 mg p-aminobenzoic 
acid, 1.0 gm inositol, 2.0 gm choline chloride, 0.1 mg biotin 
and 0.3 mg folic acid. The fat-soluble vitamins were dissolved 
in corn oil ~ and fed by dropper once a week. The amount of 
each of the fat-soluble vitamins fed per rat per week was: 
3.0 mg a-tocopherol, 10.0 pg calciferol, 0.15 mg 2-methyl-l, 
4-naphthoquinone and 0.16 mg 3-carotene. 

Great care was used in the preparation of the experimental 
rations. The corn and soybeans were ground in a burr mill 
which had been thoroughly washed pi’evious to use. The 
rations were mixed in a porcelain Jar by stirring with a 
glass i-od. 

The conditions employed in the second experiment (table 
1, expt. 2) were similar to those of the first except that a salt 
mixture was substituted for the CaCOa and hlaCl in the basal 
ration. A suiiplementary group (6 rats) which I’eceived the 

’ Mnzola, 
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salt mixture in place of CaCOs and NaCl had previously been 
included in experiment 1. The purpose of this group was to 
determine whether the addition of a more complete mineral 
supplement would alter the goitrogenic property of the 
ration. Since the thyroids of the rats receiving the salt mix- 
ture were enlarged to the same extent as those receiving 
CaCOs and NaCl, it was decided to add the salt mixture to 
the basal ration in experiment 2. 

The percentage composition of the basal ration employed 
in experiment 2 follows : ground yellow corn, 66 ; wheat gluten, 
30 ; and salts, 4. The percentage composition of the salt mix- 
ture prepared from reagent grade chemicals was : Ca,- 
(P04)2, 48; NaCl, 30; KCl, 10; MgS04-7Hn0, 8.0; 
PeCl2-4H,0, 3.2; MnS04-H20, 0.6; ZnS04t7Ho0, 0.1; 
and CuS 04-5H20, 0.1. The Ca3(P04)2 was further puri- 
fied by a procedure described in an earlier paioer (Halverson 
et ah, ’45). The water-soluble and fat-soluble vitamins were 
fed at identical levels and in the same manner as in experi- 
ment 1. 

The level of soybeans added to the basal ration was in- 
creased to 30% since no sig-nificant goitrogenic effect had been 
observed with 10% in experiment 1. The heated soybeans were 
prepared by autoclaving the raw ground beans in thin layers 
in open glass dishes for 10 min. at 15 lb. pressure. The soy- 
beans employed in both experiments were the Kingwa 
variety. 

The low iodine diets were supplemented with potassium 
iodide (aqueous solution) by dropper. Levels of 0.5, 1.0 and 
2.0 ng of iodine per rat per day were fed the various groups. 
Since the daily iodine requirement of the growing rat has 
been reported to be 1 to 2 pg, these levels of supplementation 
were thought to be the most desirable in order to study any 
goitrogenic effects. 

ExperbneniaJ animals 

Female albino weanling rats (39 to 49 gm) of the Sprague- 
Dawley strain were employed and 6 animals per group were 
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used throughout the studies. The animals were housed in 
individual wire cages. The double distilled water and the 
experimental rations were fed in porcelain dishes. The 
growth rates of the rats were followed by weighing the in- 
dividual animals at weekly intervals. Food consumption was 
measured frequently. 

The animals were kept on the experimental diets 7 weeks, 
at which time thej’' were killed by ether anesthesia. The thy- 
roids, together with the parathyroid glands, were removed 
with the aid of a binocular dissecting microscope and weighed 
immediately on a torsion balance. This balance weighed to 
0.1 mg and little, if any, blood or extraneous tissue was left 
attached to the thyroid. The thyroids used for histological 
study were prepared in the usual manner using Bouin’s fixa- 
tive and staining with hematoxylin and eosin. In experiment 
2 the thyroids from half of the animals of each group were 
used for histological examination and the remaining thy- 
roids (three from each group) were dried, weighed and saved 
for iodine analysis. All of the thyroids of animals used in 
experiment 1 were dried, weighed and saved for iodine 
analysis. 


Iodine determinations 

The Chaney method was selected for the iodine determina- 
tions because of its simplicity and dependability. Numerous 
investigators (Leipert, ’33 ; Trevorrow and Fashena, ’35 ; and 
Matthews et ah, ’38) have shown that small amounts of iodine 
can be quantitatively recovered by distillation from a diges- 
tion mixture of chromic and sulfuric acids after the addition 
of a suitable reducing agent. Because of the extreme sensi- 
tivity and specificity of the catalytic action of the iodide ion 
on the reduction of the ceric ion by arsenious acid, Chaney 
(’40) and Taurog and Chaikoif (’46) have adapted this 
reaction to the measurement of the small amounts of iodine 
present in the distillate mentioned above. The procedure 
followed for measuring the iodine in the thyroid glands was 
identical with that described by Taurog and Chaikoff, who 
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used the Cliauej’ method for the determination of plasma 
iodine. Recoveries were run with inorganic iodine (KI) to 
determine the percentage recovery with amounts of iodine 
at levels comparable to those in the thyroid glands. The re- 
coveries from 0 to 10 ag iodine ranged between 65-100%. 
Suitable correction factors were employed in the gland 
analysis to correct for the losses determined by the 
recoveries. 

The iodine analyses of the low-iodine rations required 
an initial combustion. The method of Karns (’32), as modi- 
fied by von Kolnitz and Remington (’33), was employed. 
After combustion of the sample and collection of the absorb- 
ing liquid and rinsings, the analyses were performed by the 
same procedure as that used for the iodine in the glands. The 
recoveries, which were run by burning samples of ration 
containing added potassium iodide (0 to 4|jg), averaged 
102.8% (81 to 121). 

The method was found to be readily applicable to the esti- 
mation of thyroid iodine. However, it was more difficult to 
reproduce results with the rations (combusted samples). The 
minerals present in the absorbing liquids often caused a pre- 
cipitation to occur in the digestion flasks. Sufficient analyses 
were run on the rations and on the rations plus added iodine 
to enable the iodine values to be averaged. The principal 
difficulty encountered in determining the iodine content of 
the various rations was that the values obtained for those 
containing the salt mixture were approximately three times 
as high as those obtained on rations containing CaCOs and 
NaCl. The thyroid enlargement on the two rations on the 
same experiment was very similar (18.5 and 20.2 mg per 100 
gm of body weight). On the basis of thyroid enlargement it 
was concluded that the two rations were very nearly the same 
in iodine content, even though the values obtained by chemi- 
cal analysis were different. The iodine values obtained with 
the ration containing the salt mixture could not be correct 
for no appreciable thyroid enlargement would have been ob- 
tained at such a high level of iodine intake. 
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The individual constituents of the rations employed in ex- 
perhnents 1 and 2 were then analyzed for iodine. The iodine 
content of the basal ration of experiment 1 was the same 
when the CaCOs and NaCl were removed as when they Avere 
present. In the case of the basal ration of experiment 2, the 
iodine contejit Avas the same as that of the basal ration of 
experiment 1 when the salt mixture was remoA^ed. The salt 
mixture was then analyzed seiDarately and found to give an 
iodine value of the same magnitude as that calculated from 
the difference betAveen the basal ration AAuth and without the 
added salt mixture. It Avould appear from these observations 
that the high iodine results AAuth the rations containing the 
salt mixture Avere due to contamination by some interfering 
ion present in the minerals. SeA^eral ions such as osmium, 
mercury and silver have been shoAvn by Sandell and Kolt- 
hoff (’37) to interfere A\dth the catalytic effect of iodides on 
the reduction of the ceric ion by arsenious acid. It is possible 
that traces of an interfering ion may be present in commer- 
cial mineral preparations. It is also possible that interfering 
substances may exist in natural feedstuffs in amounts suf- 
ficient to invalidate the results obtained Avhen they are used; 
but since the iodine Amlues obtained on the natural feedstuffs 
Avere very low and Avithin the range expected, they were as- 
sumed to constitute an accurate measure of iodine content. 
It is felt that the iodine Amlues obtained for the rations used 
in experiment 2 Avere approximately correct, even though 
salts AA^ere not added to the rations analyzed. 

BESULTS 

The groups fed rations supplemented AAuth potassium io- 
dide showed no significant differences in food consumption 
or rate of growth from those AAdiich receh’^ed no iodine supple- 
ments. The rats of all groups appeared healthy and normal 
throughout the experiments. 

In experiment 1 (table 1) the effects of iodine supplements 
upon thyroid Aveight (fresh weight) and iodine content (dry 
basis) are shown. Supplementing the basal ration Avith 0.5 pg 
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trophy and mild hyperplasia (fig. 1) . There was little colloid 
present in these thyroids except in the periphery of the lobe. 
Foci of beginning- necrosis were common in the thyroids from 
the control animals. Thyroids from the groups receiving 30% 
of raw or heated soybeans with no iodine supplement showed 
a more severe epithelial hyperplasia and more numerous foci 
of necrosis (fig. 2). However, no difference in patholog-y of 
the thyroids could be detected between animals receiving raw 
or heated soybeans. There was a reduction in the severity of 
the epithelial hypertrophy and hyperplasia when the rations 
of animals receiving raw and heated soybeans were supple- 
mented with 0.5 ag of iodine per rat per day (fig. 3). The 
acini were generally small but they did contain a pale stain- 
ing colloid. Foci of necrosis were still frequent in the thy- 
roids of these groups and many acini were found to contain, 
in addition to the colloid, several pyknotic nuclei and leuko- 
cytes within their lumina. The administration of 1.0 or 2.0 ng 
of iodine was effective in reducing the thyroid pathology in 
the animals receiving the soybean diets (fig. 4). Histo- 
logically, most of these thyroid acini were normal in size and 
were filled with a dense colloid. However, significant num- 
bei’s of leukocytes and pyknotic nuclei were still present 
'within the lumina of these acini, and foci of necrosis were 
still common. No differences in the severity of the thyroid 
pathology were observed between the groups receiving raw 
and heated soybeans at the different levels of iodine 
supplementation. 


DISCUSSION 

The results of our experiments indicate that small amounts 
of iodine can effectively prevent thyroid enlargement in rats 
on soybean-containing rations. The amount of iodine neces- 
sary to prevent gross enlargement on the soybean rations was 
within the range of the accepted requirement of 1 to 2 Mg of 
iodine per rat per day. The thyroid weight, iodine content 
and histological data show that the addition of raw or heated 
soybeans to the basal ration used increased the iodine re- 
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quiremeut of rats to some extent. The iodine analysis values 
indicate that the addition of either raw or cooked soybeans 
to the diet did not prevent or significantly alter the uptake 
of iodine by the thyroid gland. The average iodine content 
was greater than the critical level of 0.1% (dry basis) when 
the basal and the soybean-containing rations were supple- 
mented with 2.0 yg of iodine per rat per day. Small differ- 
ences in thyroid weight and iodine content also indicate 
that a more severe goiter was obtained withj 30 than with 
10% raw soybeans and with raw than with cooked beans. 
Since no definite histological differences between the groups 
fed the raw and the heated soybeans were evident, the 
significance of the slight differences in iodine content and 
thyroid size between the raw and the heated soybean rations 
should be appraised with caution. 

■ When 30% of raw or heated soybeans were added to the 
basal ration, a more severe epithelial hyperplasia and necrosis 
of the thyroid gland resulted than when rats were fed the 
basal ration only. The addition of small amounts of iodine 
(0.5 to 2.0 yg) to the soybean-containing rations resulted in 
a definite decrease in the severity of the glandular pathology. 
The colloid accumulation which occurred with iodine supple- 
mentation was accompanied by greater iodine content as 
measured by chemical analysis. Even when the rats receiv- 
ing the soybean-containing rations were supplemented with 
1.0 and 2.0 yg of iodine per day, the gland structure was not 
completely normal, for areas of necrosis were present. It 
is not known whether supplementation with amounts of io- 
dine larger than 2.0 yg would completely prevent this ne- 
crosis. Since no significant gland enlargement occurred at 
levels of 1 to 2 yg of iodine per day, it is’ concluded that the 
amount of iodine supplied was adequate to enable the 
thyroid gland to make a sufficient amount of the iodine- 
containing honnone (thyroglobulin) to supply the nox-mal 
physiological requirements of the groxving rat. 

The results obtained are in essential agreement with the 
data of Shai'pless et al. ( ’39), who found that autoclaved soy- 
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beans produced less thyroid enlargement than the raw beans. 
"Wlxen they fed rats a raw soybean ration containing various 
levels of added iodine, they also found that the level of io- 
dine necessary to prevent thyroid enlargement was greater 
than the normal requirement. They did not show whether a 
definite decrease in iodine requirement resulted from heat- 
ing the soybeans. Wilgus et al. (’41) reported that unheated 
soybeans produce much larger goiters in chicks than heated 
beans. They also noted that small amounts of iodine are 
etfective in lessening the severity of goiter on the soybean- 
containing rations, but they did not report sufficient iodine 
supplementation experiments to determine the extent to 
which the iodine requirement on such rations is increased 
above the normal. These workers obtained with chicks greater 
differences in thyroid weights between raw and heated soy- 
beans than Sharpless and associates did with rats. Wilgus et 
al. examined histologically thyroids from chicks and rats on 
the same soybean-containing ration and concluded that the 
chick thyroid is more sensitive to goitrogenic rations than 
is that of the rat. 

The present authors agree with Wilgns et al. that the 
slight goitrogenic property of raw and heated soybeans is 
not of practical importance in animal nutrition, since small 
amounts of iodine can effectively prevent the resulting thy- 
roid enlargement. A ration containing 1% of iodized salt 
(0.01% potassium iodide) supplies a rat consuming' 10 gm 
of I’ation per day with 7.6 pg of iodine. Such an amount is 
adequate to prevent goiter under all ordinary conditions. 

SUMMARY 

1. The thyroid enlargement obtained with rations con- 
taining 10 and 30% of raw or heated soybeans was effectively 
prevented with 1 to 2 pg of iodine per rat per day. The iodine 
requirement of rats was slightly greater on soybean-con- 
taining rations than on the basal ration employed. 
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2. The reduced thyroid enlargement resulting from heat 
treatment indicates that the goitrogenic property of soybeans' 
is partially heat labile. 

3. Since small amounts of iodine effectively correct the 
mild goitrogenic property of soybeans, no harmful effects 
should result from the use of soybeans in practical rations. 
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PLATE 1 

EXPIrANATTON OF FIGURES 

1 A section of the thyroid gland of a rat which received the basal ration only. 
Epithelial hypertrophy, hyperplasia and necrosis. Hematoxylin and eosin X350- 

2 A section of the thyroid gland of a rat which received the basal ration with 
30% raw soybeans. Epithelial hypertrophy and more severe necrosis. No differ- 
ence in the pathology of the thyroids could be found between animals receiving 
the raw or cooked soybeans. Hematoxylin and eosin X3o0. 

3 A section of the thyroid gland of a rat which received the basal ration 
containing 30% cooked soybeans plus O.o /xg of iodine per day. Small acini 
filled with colloid and mild necrosis. No difference in the pathology of the thyroids 
could be found between animals receiving the row or cooked soybeans. Hema- 
toxylin and eosin X3o0. 

4 A section of the thyroid gland of a rat which received the basal ration with 
30% cooked soybeans plus 1 Mg of iodine per day. A few pyknotic nuclei and 
lymphocytes within the colloid- filled lumina. Supplementation with 2 Mg 
iodine per rat per day gave the same histological picture of the thyroid as did 
supplementation with 1 Mg of iodine. Hematoxylin and eosin X350, 
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VTaile vitamin Be deficiency fias been investigated exten- 
sively in tlie rat and other animal species (i.e., dog, chick, 
swine, monkey and mouse), there have been few and incon- 
clusive observations made on this deficiency in the Syrian 
hamster. Routh and Houchin (’42) reported briefly an 
“acrodynia-ltke” dermatitis around the mouth, loss of weight 
and death within 24 days in hamsters fed a pyridoxine-free 
diet. Cooperman, Waisman and Elvehjem (’43) and Hamil- 
ton and Hogan (’44) included pyridoxine in their experi- 
mental diets for hamsters, but made no analysis of Bg 
deficiency. The experiments embodied in this paper are con- 
cerned with the production of vitamin Bo deficiency in the 
Syrian hamster. 

EXPERIMENTAL 

Methods 

With the exception of the preliminary experiment, the 
work was done on male Syrian hamsters of weanling age 
(two weeks). They were housed in groups of three to 8 

'This investigation was supported by grants from the Commonwealth Fund 
and the Kational Vitamin Foundation. 
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animals in metal wire cages with raised screen bottoms. Food 
and water were offered ad libitum to all but control animals 
employed for paired feeding. The food, in the form of a 
moist paste, was placed in small cups. In order to minimize 
evaporation and splashing, the drinking water was supplied 

TABLE 1 

Composition of diets used 


BASAL 3IIXTBHE VITAMIK SUPPLEATENTS * 


Component 


Diet 


Added daily to the diet in ms 
per 100 sm of basal mixture 

1 

2 

3 




% 



Sucrose 

75 

75 

75 

Thiamine 

0.2 

Fibrin 

18 



Biboflavin 

0.3 

Casein " 


18 

18 

Nicotinic acid 

2.5 

Corn oil * 

3 

3 


Ca pantothenate 

2.0 

Cottonseed hydrogen- 




Inositol 

10.0 

ated oil* 



3 

Choline chloride 

100.0 

Salt mixture ^ 

4 

4 

4 

Biotin 

0.002 


2-Hethyl naphthoquinone 1*0 

Given as two drops per weeh 
Fat-soIuble vitamins A, D and E ® 


^ Provided in the form of halibut liver oil diluted 1 : 2 with corn oil and fed at 
a level of two drops per week, with a-toeopherol included at 0.5 mg per drop. 

® Vitamin test casein. General Biochemicals, Inc. 

* Mazola. 

* Crisco. 

= No. 2, U. S. P. Nil, 

•The vitamins were synthetic products of the following manufacturers; thia- 
mine, calcium pantothenate, inositol, biotin, riboflavin, nicotinic acid, choline 
chloride, General Biochemicals, Inc.; 2'methyl-naphthoquinone (Menadione), Ely 
Lilly Co.; and a*tocopherol, General Biochemicals, Inc. 


from curved graduated glass tubes with a closed top and a 
turned-up small drinking well at the lower end. The detailed 
composition of the diets used is presented in table 1. These 
diets were based ou those described by Sai’ma, Snell and 
Elvehjem (’46). Tbe hamsters were divided into experi- 
mental and control groups. The former groups received no 
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vitamin Bo, while the control groups were given daily subcu- 
taneous injections of vitamin Bo. All the animals were 
weighed at least once a week. Food and water intake were 
recorded for each cage 5 to 6 times a week, and for individual 
animals when kept singly in metabolism cages for the pur- 
pose of collecting urine specimens. The animals were ob- 
served for a period of 12 to 13 weeks, unless otherwise stated. 
At the end of the experiment the survivors were killed by 
inhalation of chloroform. Tissues of autopsied animals were 
fixed in Benin’s fluid for routine histological sections and 
stained with Mayer’s hematoxylin and eosin. Some tissues 
were fixed in 20% formalin in preparation for frozen sections. 
Xanthurenic acid determinations were made on urine speci- 
mens collected in metabolism cages according to the method 
described by Porter, Clark and Silber (’47), using the Cole- 
man Universal Spectrophotometer Model II and a cuvette 
13 mm in diameter. The optical, density, corrected for the 
blank value, and multiplied by 3.9 gave xanthurenic acid 
concentration in milligrams. 

Preliminary observations 

These were made on 6 hamsters with initial weights rang- 
ing from 46 to 68 gm, divided into experimental and control 
groups of three each and fed diet 1. The animals of the con- 
trol group were given daily subcutaneous injections of pyr- 
idoxine HCl, 50 ng per dose. The age of the animals used 
was not exactly known. It was estimated on the basis of 
weight to be from three to 4 weeks. There was only moderate 
retardation of growth, and the appearance of increased 
amounts of xanthurenic acid in the urine. Autopsy perfonned 
after three months of observation showed a striking reduction 
in the size of the Bnnphoid tissues, notably the thymus, in the 
deficient animals. Assuming that the age of the animal mav 
be related to ability to develop the deficiency, the following 
experiments were carried out on two-week-old weanlings. 
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Vitamin deficiency in hamsters receiving different types 

of fat in the diet 

Twelve weanling hamsters were divided into 4 groups of 
three each. Glroups 1 and 2 received diet 2, groups 3 and 
4, diet 3. The hamsters in groups 3 and 4 received daily 
subcutaneous injections of 50 ag of pyridoxine HCl. 
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Figure 1 


As may be seen from figure 1, most of the animals gained 
weight during the first two weeks. Later the weight curves 
began to diverge rapidly. The weights of deficient hamsters 
on commercial hydi'ogenated cottonseed oil- (diet 3) I’e- 
mained almost stationaiy, occasionally falling below the ini- 
tial weight. Those on corn oil (diet 2) showed a slightly 
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better initial gain. After the 5tb -week, however, the weights 
of the corn oil animals declined steadily, although remaining 
at a persistently higher level than those of the hydrogenated 
cottonseed oil group. A reduction in food intake took place 
in the deficient animals after the third week (fig. 1), going- 
hand in hand with the weight curve. When food intake was 
expressed in relation to body weight it appeared that dimin- 
ished intake resulted not only from loss of appetite but from 
diminished body size and possibly from a lowered metabolic 
rate. The deficient animals also showed reduction in water 
intake ranging up to 50% and a corresponding decrease in 
urinary excretion. This was not influenced by the fat com- 
position of the diet. There was no evidence of water retention. 
Xanthurenic acid excretion by the deficient animals rose from 
a low of 22 mg in the 4th week to a high of 306 mg per 100 
gm of ingested protein in the 8th week. In the controls, the 
amounts were usually from 10 to 15 mg but in one instance, 
as high as 30 mg. After a short depletion period the animals 
began to show very striking deviations from normal develop- 
ment. The symptoms varied somewhat in the individual 
animals, but there were clear-cut differences between the Be 
deficient hydrogenated cottonseed oil and corn oil groups, 
particularly with respect to the time of onset of deficiency 
symptoms. 

Two animals of group 1 (hydrogenated oil) rapidly de- 
veloped other signs of deficiency following arrest of gTowth, 
in the second and third week, respectively. The velvety tex- 
ture of the fur changed to a lustreless gray-bro^vn color, with 
the ends of the hairs sticking to each other as though they 
were wet or greasy. There was migi-ating alopecia, mainly 
about the head and occasionally on the trunk, the rest of the 
fur becoming thin and lustreless. The nutritional status 
rapidly deteriorated in the entire group, with disappearance 
of fat deposits and progTessive muscular weakness. The ani- 
mals became sluggish and developed a tendency to stay mo- 
tionless, in a hunched position, sleeping a good deal more than 
the controls. Some malnourished animals appeared to have a 
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low body temperature, although this was not measui’ed. 
They survived for weeks in this condition, not growing and 
consuming very little food. At the end of 6 weeks one animal 
exhibited a peculiar dragging gait, one showed spreading of 
the toes of one foot, and another one had paresis of the right 
foreleg, persisting until death. Growth retardation remained 
the only sign of Bg deficiency in group 2 (corn oil) for 12 
Aveeks. Later a rather striking deterioration set in, character- 
ized by considerable Aveight loss, poor grooming and lack 
of lustre of the fur, without alopecia. One hamster had an 
unsteady, fumbling gait, muscular Aveakness and spreading 
of the toes. Two animals succumbed in the 14th week. 

Post mortem examination at the end of the experiment 
confirmed the observations made during life. In addition, 
reduction in size of the lymphoid tissue Avas most striking. 
The degree of involution of the thymus varied somewhat in 
individual animals. In some animals it could be detected only 
under the microscope (figs. 6 and 7) ; the residual gland 
consisted of tiny lobules of lymphoid tissue embedded in 
atrophic fat tissue. The cortex disappeared and the lym- 
phocytes were reduced in number, resulting in a relative pre- 
pondei’ance of the reticular and vascular structures. Even 
when the involution of the thymus was less pronounced, 
diminution in the number of lyunphoeytes was evident. The 
lymph-nodes showed a reduction in size and a decrease in the 
number of lymphocytes and secondary follicles. There were 
similar changes in the Peyer’s patches. The number of 
lymphocytes in the Malpighian follicles of the spleen was 
moderately reduced. In the testes there was arrested matura- 
tion of spermatozoa, although varying degrees of mitosis 
Avere present in the majority of seminiferous tubules. All 
the control animals showed good growth and development 
and had at all times a lush broAvu, soft and abundant fur. 
Their behavior Avas mai'ked by liveliness. At three months 
the weight Avas about three to 4 times that of the deficient 
animals (fig. 5). The thymuses Avere well pi-eserved (fig. 8), 
with abundant Ijmphoid tissue in the cortex. They weighed 
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from 17 to 20 mg. The lymph-nodes were easily identified, 
the peripheral nodes measuring 1 to 2 mm in diameter. The 
testes contained mature spermatozoa. 

Paired feeding and treatment of deficient hamsters 
ivith pgridoxine and corn oil 

Twenty-four hamsters wei’e divided into three groups of 
8 each. Their weights varied from 16 to 36 gm. The 
average weights of groups 1 and 2 (experimental groups) 
approximately equalled the average weight of group 3 (con- 
trol group). Diet 3 containing- cottonseed oil as the fat was 
employed. Pyridoxine HCl, in daily doses of 50 pg, was given 
only to the hamsters of group 3, beginning with the 5th day 
of the experiment. 

Four control animals of group 3 were started on paired 
feeding as soon as a reduced ad libitum food intake was 
noted in the Bg deficient hamsters ; namely, by the end of the 
second week. Their food intake was regulated so as to keep 
the weight at a level with that of the deficient animals. They 
were smaller and thinner than normally but not emaciated, 
and preserved a normal fur. They were active, retained good 
muscle tone, and merely appeared younger than their mates 
fed ad libitum. One control hamster, dead after 9 days of 
paired feeding, showed no atrophy of the lymphoid tissues. 
Another one, dead after 4 weeks of paired-feeding, revealed 
moderate ati-ophy of the lymph-nodes and thymus. More 
severe lymphoid atrophy was found in a third one dead after 
10 weeks of paired feeding. The 4th one, sacrificed at the 
same time, showed only a slight reduction in the size of the 
th 3 Tnus and lymph-nodes. Patty changes of the liver were 
found in all the paii--fed conti’ols. 

Treatment was begun after Opo weeks of the deficient 
regime, and its effect observed for 314 weeks. Five hamstei's 
of the group including the larger animals were continued 
untreated and on the usual diet. The remaining animals were 
treated with the following substances : pyridoxine HCl alone 
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(group a) ; pyridosine HCl and corn oil (group b) ,* and corn 
oil alone (group e), Pyridoxine HCl was given in daily doses 
of 50 by subcutaneous injection. Corn oil was given 
orallj'', replacing tbe hydrogenated fat in the diet. 

The weight curves of the deficient and control animals 
prior to treatment are shown in fignire 2 ; those obtained dur- 
ing the subsequent period of treatment, in fignire 3. 

The effect of treatment on weight was most striking in 
group a. The results with pyridoxine and corn oil were less 
gTatifymg, possibly because the animals of group b were 
smaller than those of group a and appeared to suffer from 
more advanced nutritional deterioration and fur changes 


Compai»ative weight curves 
hamstex»s 

« Pyridoxine-deficient 

g Controls |ed ad libitum 

c* Controls on restricted 

^ food intake 



J I 1 I I ! I 

1 2 3 4 5 6 7 

"Weeks 


Figure 2 


when treatment was begun. Also, they had weighed under 
20 gm at weanling age, and developed signs of deficiency 
more rapidly than the larger weanlings. It is possible that 
the changes were irreversible and no longer dependent on the 
absence of pyridoxine. Group c continued to do poorly, show- 
ing no response to corn oil. One hamster, which inadvertently 
had received a single dose of 50 ng of pyridoxine HCl, in- 
creased in weight from 24 to 30 gm in less than two weeks. 
This growth-stimulating effect of pyridoxine did not last 
beyond two weeks. The average daily food intake indicated 
that in the deficient animals the intake per 100 gm of body 
weight diminished as the deficiency progxessed. Upon institu- 
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tiou of treatment the food consumption increased, most strik- 
ingly in group a. It should be noted that food consumption 
per 100 gm of body weight was higher in the animals treated 
with pyridoxine after a depletion period than in those which 
received this vitamin from the start of the experiment. This 
suggested a metabolism-stimulating effect of pyridoxine dur- 
ing the recovery and active growth period. Under treatment 
with pyridoxine there was a reduction of 50% or more in the 
amount of xanthurenic acid in the urine. Corn oil alone had 
no effect on the excretion of this substance. 
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Figure 3 


Prioi' to treatment, growth retardation, fur changes, nu- 
tritional deterioration and other clinical signs of deficiency 
were comparable to those described in the previous expeiu- 
ment. Priapism was noted in two animals about the 6th week, 
persisting only in one. Some animals showed slight reddening 
of the skin of the snout or crusting of the upper lip (fig. 10). 
The animals of gi-oup a made a prompt clinical recovery 
under treatment with pyridoxine. The fur became normal 
and lustrous within one week, and seemed to increase in 
amount. The state of nutrition became excellent within a 
short time. They became more lively and aggressive and their 
movements recovered quickness and resiliency. They did not 
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differ from the control animals except for their slightly 
smaller size (fig. 9). At autopsy there was evidence of re- 
generation of lymphoid tissue, which was particularly marked 
in the thymus. The epiphyses of the long bones such as the 
femur, which showed complete arrest of new hone formation 
in the deficient hamsters, revealed striking activity, with in- 
numerable newly formed bone trabeculae. In the testes active 
spermatogenesis was found. In group b, only one hamster 
showed clinical improvement. The other two persisted in a 
state of very poor nutrition, although desquamation of the 
skin on the leg of one cleared up promptly. There was less 
striking atrophy of the thymus than in the untreated animals,' 
and microscopically there was some evidence of regeneration 
of lymphocytes. The substitution of corn oil for hydrogenated 
oil in the diet had no effect on the symptoms of pyridoxine 
deficiency, the animals of group o resembling the deficient 
ones in all respects. The animals which received no treatment 
showed, at the end of 12 to 13 weeks, clinical and post mortem 
findings of pyridoxine deficiency comparable to those in the 
previous experiment. It may be mentioned that whenever 
there was diminished food intake fatty changes were found 
in the liver, apparently quite independent of the Be deficiency. 

Comparative anatomical and clinical observations in paii*- 
fed and vitamin Be deficient treated and untreated hamsters 
indicated that the effect of reduced food intake is at least 
partly responsible for the changes observed in vitamin Be 
deficiency; namely, reduction of fat tissue, atrophy of lym- 
phoid tissue, retardation of skeletal gTOwth and of sexual 
maturation, and fatty changes in the liver. The alterations of 
the fur and skin and cachexia, on the other hand, appeared to 
. be independent of the amount of food consumed and directly 
i-elated to vitamin Bj deficiency, as these changes responded 
promptly to treatment with pyridoxine. kloreover, there 
seemed to be marked alteration of certain metabolic functions 
of the hamster as manifested by changes in appetite, thirst, 
excretion of xanthurenic acid, and activity. AU these altera- 
tions responded to administration of pyridoxine. Corn oil 
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liad. no curative action once a vitamin Bo deficiency had 
established itself, nor did it promote the therapeutic activity 
of pyridoxine. 


DISCUSSIOX 

The only observation recorded in the literature on vitamin 
Bo deficiency in the hamster, by Eouth and Houchin (’42), 
seems to have aroused some controversy. The dermatitis de- 
scribed may have been due to biotin deficiency, as pointed out 
by Cooperman et al. (’43), who were able to prevent similar 
mouth lesions by the inclusion m the diet of 1 yg of biotin per 
day. On the other hand, Hamilton and Hogan ( ’44) doubted 
the need of the hamster for biotin as well as for p-aminoben- 
zoic acid. It is possible that the requirements are influenced 
by the composition of the basal diet and by the relative 
amounts of other vitamins. Although our purified diet in- 
cluded only 2 ng of biotin per 100 gm of diet, no lesions refer- 
able to biotin deficiency were observed by us. The mouth 
lesions occasionally seen were a late manifestation. Pro- 
longed survival of our hamsters also would seem to provide 
evidence against biotin deficiency, which brings about death 
in three to 4 weeks (Cooperman et al., ’43). The failure to 
include p-aminobenzoic acid and folic acid in our diets did 
not appear to prevent normal growth and development in 
the controls ; however, the role of these two substances in the 
nutrition of the hamster requires further study. It should 
be mentioned also that the amounts of some of the B vitamins 
used by us were smaller than those employed by Cooperman 
et al. (’43) and by Hamilton and Hogan (’44). Furthermore, 
these vitamins were administei'ed in the food, thus allowing 
a reduced vitamin intake secondary to diminished food con- 
sumption. Although the minimum requirements of the ham- 
ster for all the vitamins of the B complex are not known, the 
possibility of multiple deficiencies superimposed on pyri- 
doxine deficiency cannot be completely disregarded. 

The syndrome of pyridoxine deficiency in the hamster 
differs in some respects from that observed in the rat, both 
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in oul’ experiments with the same diet as used for the hamster 
and in those published in the literature. "While the rate of 
growth is delayed on a purified diet containing 18% protein, 
the rat does not show the complete and early arrest of de- 
velopment and the emaciation observed in the hamster under 
the experimental conditions described. Loss of appetite is 
one of the earliest and most constant results of pyridoxine 
deprivation in both species. In our observations, diminution 
of water intake and urine output was more marked and con- 
sistent in the rat than in the hamster. Since the urine of the 
normal rat contains no xanthurenic acid, in contrast to that 
of the hamster which usually contains small amounts of this 
substance, the effect of vitamin Be deficiency on xanthurenic 
acid excretion is more clear-cut in the rat than in the hamster. 
The most marked divergence in the effect of pyridoxine de- 
ficiency between the rat and the hamster is manifest with 
respect to cutaneous changes. The hamster shows nothing 
comparable to the classical “rat-acrodynia” first described 
by Gybrgy (’34). It may be mentioned in this connection 
that in our experiments we were unable to produce dermatitis 
in rats fed a purified diet containing 18% protein and 3% 
corn oil. "WTien hydrogenated vegetable fat was substituted 
for corn oil, acrodynia usually appeared about the end of 
the second month, but did not become as pronounced as has 
been described by some authors (Sullivan and Nicholls, ’40; 
Antopol and Unna, ’42). Severe acrodynia appeared early 
(after about three weeks) in our experiments with rats on 
diets containing 30% and 60% protein. Since the need for 
pyridoxine increases when a high protein diet is given (Miller 
and Baumann, ’45), our observation is not surprising. It 
I'emains to be seen whether, by altering’ the protein content 
of the basal diet, more accentuated cutaneous alterations can 
be brought about in the hamster than those observed thus far. 

Mouth lesions and priapism occurred less frequently in the 
hamster than in the rat, while the fur on the trunk and head 
on a comparable diet remained unaffected in the rat. Epi- 
leptiform seizui-es described in the rat (Chick, El Sadr and 
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Worden, ’40) did not occur, in tlie pyridoxine-deficient ham- 
sters, but there were variable neurologic symptoms such as 
an ataxic gait or paresis of one extremity and priapism. A 
relationship between vitamin Be and the metabolism of fatty 
acids has long been recognized, and, although the mechanism 
is not yet clear, studies on the albino rat indicate that py- 
ridoxine is essential for the maintenance of normal fat me- 
tabolism, and that vitamin Be and the essential fatty acids 
complement each other to some extent. Birch (’38) first 
established the interdependence of vitamin Be and the 
unsaturated fatty acids for their proper utilization by 
the rat. According to Gross (’40) the dermal mani- 
festations of vitamin Bq deficiency and fat deficiency 
(Burr and Burr syndrome) in the rat are identical, 
and both vitamin Bo and essential fatty acids are necessary 
for their cure. The relationship between essential fatty acids 
and vitamin Bo was further confirmed by the studies of 
Salmon (’40, ’41), and Schneider, Steenbock and Platz (’40), 
and, more recently, by Medes and Keller (’47). The latter 
authors found that alleviation of symptoms of advanced pyr- 
idoxine deficiency in rats was attained by either pyiddoxine 
or ethyl linoleate, while for complete cure the administration 
of both substances was necessary. A similar relationship 
between pyridoxine and essential fatty acids was suggested 
by the fact that the symptoms were delayed in hamsters re- 
ceiving corn oil as compared with those receiving hydrogen- 
ated oil as the dietary fat. On the other hand, corn oil was 
unable to cure in the hamster pyridoxine deficiency once 
established, or to prevent it completely. This subject needs 
further investigation. Quantitative and qualitative analyses 
of body fat similar to those described by Sherman (’47) and 
Medes and Keller ( ’47) may throw some light on this problem. 

It appears, from the analysis of symptoms produced in 
pyridoxine-deficient hamsters, and from a comparison be- 
tween pyi-idoxine-deficient animals fed ad libitum and pair- 
fed controls, that not all the symptoms are specific of the 
deficiency ; at least some appear to result from failure to eat 
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SUMMARY 

Male weanling Syrian hamsters were maintained on a 
purified diet deficient in vitamin Be. This led to arrest of 
growth after a depletion period of two to three weeks, di- 
minished food and water intake, progressive malnutrition, 
muscular weakness and changes of the fur. Increased quanti- 
ties of xanthurenic acid were found in the urine. The deficient 
animals did not survive beyond 12 to 13 weeks. Autopsy 
showed loss of fat tissue and marked atrophy of the lymphoid 
tissues, notably the thymus, even when malnutrition was mild. 
There was arrest of sexual maturation and bone growth. 
Pair-fed controls receiving 50 jig pyridoxine HCl daily showed 
arrest of growth and atrophy of lymphoid tissues, but faded 
to develop fur changes, muscular weakness, or cachexia. Con- 
trols fed ad libitum and receiving daily 50 jig of pyridoxine 
HCl showed good growth and nutrition and normal activity. 
Their fur was normal and there was no atrophy of the lym- 
phoid tissues. 

Upon treatment of the deficient animals with daily injec- 
tions of 50 Jig of pyridoxine HCl after a depletion period of 
914 weeks, there were in most animals resumption of appetite 
and gro'wth, deposition of fat and general return to normal 
behavior and appearance. Pur changes were repaired within 
one week of treatment. A single injection of pyridoxine HCl 
seemed to bring about similar results, the effect lasting for 
about two weeks. Although the presence of unsaturated fatty 
acids in the diet seemed to delay the onset of deficiency 
symptoms, the addition of corn oil to the diet of animals in 
an advanced state of depletion did not have any beneficial 
effect. 
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PLATE 1 

EXPLANATION OF FIGURES 

4 Experiment 2. Hamster, 34 months old, maintained for three months 
on vitamin B « deficient diet. Note the poor condition of the fur, 

5 Experiment 2. A: the same hamster as in figure 4, showing stunted growth. 
B: Hamster, 34 months old, wdiich received daily injections of 50 /ig of 
pyridoxine HCfl for a period of three months. 




PLATE 2 


EXPLANATION OF FlGITRES 

6 Expeiiment 2. Thymus of a vitamin Ba-deficient hamster, three months 
o]d. The section shows tissue from the anterior mediastinum in which extremely 
atrophic lobules of thymus are embedded (see X). Note also loss of differentia- 
tion of cortex and medulla (X 10). 

7 Experiment 2. Atrophic thymus of another three-month-old vitamin Ba- 
deficient hamster, attached to the posterior surface of the sternum (X 10). 

tS Experiment 2. Thymus of a hamster, three months old, wliich received 
daily injections of 50 Mg of pyridoxine HCl for a period of two and one-half 
months. Note tlie larger size, and especially the distinct structural differentia- 
tion of the thymus (X 10). 
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PLATE 3 


EXPLANATION OP PIGURES 

9 Experiment 3. Effect of treatment with vitamin Be on growth, nutritional 
status and condition of fur. A: hamster depleted of vitamin Be for a period of 
9^ weeks, then treated with pyridoxine HCl, 50 fxg per day for a period of 
3-J weeks. B: hamster of the same age, untreated. 

10 Experiment 3. Vitamin Bg-deficient hamster showing crusted lesion on 
upper lip. Photograph taken after a depletion period of 12 weeks. 
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UBMAEY EXCBETIOB" OF AMIB^O ACIDS 
AND PEPTIDES BY DOGS FED 
PEOTEIN HYDBOLYSATES OB AMINO ACIDS 


EOBEET H. SILBEK AN^D CURT C. PORTER 
Jlerch Institute for Therapeutic Research, 

Ralnuay, Hew Jersey 

(Eeceived for publication January 26, 1949) 

When proteins or protein derivatives are administered in- 
travenously, they may or may not be utilized by the animal 
body. Homologous plasma protein (Holman, Mahoney and 
Whipple, ’34) or hydrolysates of protein have biological 
value after parenteral administration, whereas heterologous 
plasma protein (Ponmierenke, Slavin, Kariher and Whipple, 
’35) and gelatin (Jacobsen and Smyth, ’44; Brunschwig, 
Nichols and Bigelow, ’46) are of less nutritional value under 
similar conditions. A large fraction of intravenously admin- 
istered gelatin is excreted in the urine, showing that such 
materials must be digested before they can he assimilated by 
the tissues. 

When protein hydrolysates are administered by vein a 
small portion of the amino acids appears m the urine, and 
the fraction excreted increases as the total dose is increased. 
Peptides are also lost in the urine (Cox and Miller, ’46; 
Christensen, Lynch and Powers, ’46; Frost and Eisser, ’46). 
Mixtures containing oL-araino acids are not as well retained as 
those composed of n-amino acids (Silber, Seeler and Howe 
’46). 

The present investigation carried out with dogs deals with 
the urinary loss of amino acids and peptides after intravenous 
or oral administration of 6 protein hydrolysates and amino 
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acid mixtures, all which have been employed for the intra- 
venous alimentation of man. Biological values, expressed 
here as per cent of the total nitrogen retained, have been 
determined by a procedure devised in collaboration with a 

U. S.P. subcommittee headed by Dr. J. B. Allison and Dr. D. 

V. Frost. 


EXPERIMENTAL 

The principles of the nitrogen balance procedure used and 
the calculations based on them have been described in detail 
by Allison, Seeley and Ferguson ( ’47) . In such studies, whole 
egg protein and lactalbumin have a nitrogen balance index 
of 1.0. In other words, when either of these proteins is fed as 
the sole source of protein nitrogen to dogs excreting about 
100 mg N per kilogram per day in the urine, all of the admin- 
stered nitrogen is retained in the body. Allison et al. fed whole 
egg protein during three-day control periods between 4-day 
tests, whereas in the U.S.P. collaborative study lactalbumin 
was fed during the control periods. In the present studies 
nitrogen balance data are expressed in terms of per cent ni- 
trogen retained rather than in nitrogen balance indices, which 
merely mvolves a shift in decimal point if the basal urinary 
nitrogen is assumed to represent endogenous nitrogen. 

Adult mongrel dogs, which had been fed a protein-free diet 
(Silber et al., ’46) supplemented with lactalbumin (70 cal. and 
120 mg N per kilogram per day) for two to three weeks, were 
fed or infused intravenously with a protein hydroylsate or 
amino acid mixture daily for a period of 4 days (120 mg N per 
kilogram per day). During this period lactalbumin was with- 
held from the diet. In the oral experiments the solutions were 
given by stomach tube and in the intravenous experiments a 
constant rate of infusion (2 mgN per kilogTam per minute) 
was maintained by means of an adjustable rate infusion pump. 
The dogs were dosed by stomach tube with 350 ml of water 
per 10 kg body weight at the beginning and again at the end 
of each 4-day period to facilitate quantitative collection of 
the urines. 
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The 6 preparations and the urines, collected under toluene, 
were assayed for a-amino nitrogen by the ninhydrin method 
{Van Slyke, MacFadyen and Hamilton, ’43) before and after 
acid hydrolysis (6 NHCl, 120°G., 6 hr,). When the dogs 
received lactalbumin the urinary excretion of free a-amino 
nitrogen averaged 2.3 ingN per kilogram per day and the 

TABLE 1 


Composition of preparations 


AMllJO ACXD 



prepakatiok 



A 

B 

c 

D 

E 

F 

Arginine 

2.2 

2.2 

1,3 

Ttig/TtH 

1.5 

2.2 

3.0 

Histidine 

0.9 

0.9 

1.0 

1.0 

2.4 

2.6 

Isoleucine 

1.4 

1.5 

2.3 

2.2 

7.2 

6.6 

Leucine 

4.4 

3.1 

4.2 

4.1 

14.9 

10.8 

Lysine 

2.7 

2.4 

2.5 

2.9 

10.0 

7.5 

Methionine 

0.5 

1.1 

1.6 

1.1 

4.1 

2.9 

Phenylalanine 

2.0 

1.7 

1.5 

2.3 

3.9 

4.4 

Threonine 

2.1 

2.3 

1.6 

1.7 

1.3 

4.2 

Tryptophan 

0.5 

0.3 

0.4 

0.4 

0.8 

0.5 

Valine 

2.4 

1.4 

2.3 

2.4 

6.5 

8,0 

Total N, mg/ml * 

6.8 

7.1 

6.5 

8.0 

13.2 

12.8 

Free a-amino N, 

mg/ml * 

3.1 

3.3 

2.6 

4.0 

9.5 

10.2 

Total a-amino X, 

mg/ml * 

5.0 

4.7 

4.7 

0.4 

9.2 

9.9 

Peptides, % 

37.6 

30.0 

44.5 

25.0 

0.0 

0.0 


' Kjeldahl method. 

^Pree and total a-amino K by gasometric ninhydrin method before and after 
acid hydrolysis. 


bound a-amino nitrogen 1.9 mg hi per kilogram per day. These 
values were determined for each dog prior to infusing or 
dosing, and the values obtained during the test periods cor- 
rected by these amounts. Dogs fed protein-free diets have 
been found to excrete approximately the same amounts of 
amino acids, and animals fed stock diets excrete little more 
(Silber et al., ’46). 
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The Kjeldahl total nitrogen, free a-amino nitrogen, total 
(free plus peptide) a-amino nitrogen, and essential amino acid 
contents of the 6 preparations are listed in table 1. The 
peptide content is expressed as the per cent of the total a- 
amino nitrogen liberated by acid hydrolysis, and the amino 
acid analyses were carried out by the methods of Stokes, 
Gunness, Dwyer and Caswell (’45) 'without additional hydrol- 
ysis. 

RESULTS 

Oral experiments 

When the preparations were admmistered by mouth, small, 
almost negligible, fractions of the amino acids were found in 
the urine, but the excretion of bound amino acids, or peptides, 
Avas sig-nifieanth" increased when materials containing pep- 
tides were administered. An average of 5.7% of the orally 
administered peptides Avas apparently absorbed from the 
intestinal tract and excreted in the urine. The excretion of 
amino acids and peptides by two dogs fed each preparation 
is summarized in table 2. The biological values obtained in 
nitrogen balance studies, using three or 4 dogs, are also 
included. 


Intravenous experiments 

After intravenous infusion at the rate of 2 rngiST per kilo- 
gram per minute, larger fractions of both amino acids and 
peptides Avere excreted (table 2). In general, the loss of 
peptides in the urine Avas greater than the loss of free amino, 
acids. This AAms particularly striking after infusion of prep- 
aration C, Avhich gaA'e the lowest A’alue in nitrogen balance 
experiments. 

The effect of rate and route of administration 
on excretion and biological value 

. From table 2 it is clear that the biological Amlue of most 
preparations Avas about 25% less when given intravenously 
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than when given orally. This can be correlated with the 
urinaiy loss of approximately 15 or 20% of the infused amino 
acids and peptides. 

It has been suggested (Elman and Weiner, ’39) that rapid 
infusion of protein hydrolysates Avould he impractical due to 
the probability of greater urinary loss of amino acids. This 

TABLE 2 


Urinary loss of amino acids and peptides 


PKEPARATIOX 

FREE a-AMI2fO 

2* 

EXCRETED 

BOUXD a-AMIXO 

EXCRETED 

TOTAL a-AMIXO 

EXCRETED 

total X 

BETAIXED 3 


9o 



% 


% 

% 




After oral administration 




A 

1.6 

1.3 

3.9 

5.6 

2.4 

2.4 

61 zt 

5.8 

B 

1.4 

1.6 

4.3 

6.6 

2.2 

3.1 

64 ±: 

4.8 

C 

2.6 

2.7 

2.6 

1.5 

2.6 

2.1 

66 It 

2.0 

D 

4.4 

4.2 

6.5 

5.5 

12.6 

8.3 

67 it 

3.9 

E 

1.4 

0.3 



1.0 

0.1 

73 ± 

9.1 

F 

0.4 

0.1 



0.8 

0.0 

61 ± 

4.0 



After intravenous infusion 




A 

12.5 

10.7 

31.1 

29.9 

19.5 

17.9 

45 it 

4.0 

B 

21.9 

18.9 

22.6 

16.6 

24.3 

11.3 

55 ± 

1.0 

C 

12.9 

11.0 

46.0 

44.6 

27.8 

25.7 

0 ±1 13.0 

D 

8.5 

12.3 

14.4 

14.5 

32.3 

19.0 

40 ± 

1.0 

E 

7.5 

3.0 



8.8 

3.2 

57 it 

5.0 

F 

6.6 

7.1 



8.1 

8.2 

43 It 

6.0 


* Alplia-amino X after hydrolysis minus a-amino X before hydrolysis. 

• Alpha-amino X after hydrolysis. 

’ Eelative to lactalbumin as 100% ; Labeo casein gave values of 70, 72, 73, 76, 
76, 76, and 78%. 

hypothesis was investigated by infusing preparation E or a 
mixture of peptide-containing hydrolysates (2A -f 1C -f- ID) 
into two dogs at 4 times the rate employed iu the previous 
experiment, and comparing the results -with those obtained 
after administration of these materials to the same dogs both 
orally and intravenously at the slower rate (table 3). When 
the daily allotment of these preparations was administered 
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intravenously in only 15 min. nitrogen retention decreased 
strikingiy, but not as a result of excessive loss of amino acid 
nitrogen in the urine. The retention of nitrogen decreased 
from about 60% after oral feeding to about 25% after rapid 
intravenous feeding, although the excretion of amino acids 
did not increase moi'e than 15%. 

The excretion of peptides after oral feeding was again 
observed vdth about 10% passing through the body, presum- 
ably unchanged. After intravenous infusion 40% of the 
peptides could be detected in the urine whether the hy- 
drolysate mixture was given over a one-hour or 15-min. 
period. 


TABLE 3 


Urinary loss of amino acids and pepiides after administration of a composite of 
preparations A, C, and D or preparation S 


PREPABATIOK 

ROITE 

PERIOD 

OP 

INFUSION' 

free amino 

ACIDS 

excreted 

PEPTIDES 

EXCRETED 

TOTAti N 
RETAINED ' 




% 

% 

% 

ACD 

Oral 


0.0 

0.0 

12.7 8.6 

58 

62 

ACD 

I.V.= 

1 hr. 

4.7 

5.6 

37.9 42.1 

40 

35 

ACD 

I.V, 

15 min. 

14.4 

9.4 

42.9 40.5 

22 32 

E 

Oral 


1.4 

0.3 


76 

56 

E 

I.V. 

1 hr. 

7,5 3.0 


49 

65 

E 

I.V. 

15 min. 

12.6 

16.9 


og 22 


'Relative to oral laetalbumiii as 100%. 
* Intravenous. 


DISCUSSION 

The 6 preparations were approximately equal to casein in 
biological value when administered orally to dogs, and about 
3% of each preparation was excreted in the urine. After 
intravenous infusion at a relatively slow rate (2 nigX per 
kilogi'am per minute) the retention of nitrogen decreased 
about 25% and the increased loss of nitrogen (Kjeldahl) in 
the urine could be ascribed largely to the excretion of amino 
acids and peptides. A 4-fold increase in the rate of infusion 
caused a decrease of approximately 60% in biological value, 
or nitrogen retention. The decreased retention of nitrogen, 
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liowever, could not be directly related to an increased loss of 
amino acids, as suggested by Elman and Weiner (’39). Thus, 
under the present experimental conditions, infusion of the 
total nitrogen intake in 15 min. was undesirable due to the 
fact that only 25% of the administered nitrogen could be 
utilized. 

Loss of free amino acids in the urine varied between 5 and 
20% when the preparations were infused at a constant rate 
for one hour. The reason for this variation is not clear, since 
the retention of total nitrogen could not be correlated with 
the loss of amino acids in the urine. It appears that the amino 
acids of certain preparations are more readily excreted un- 
changed, whereas those of other preparations are more 
readily deaminated so that more of their nitrogen is lost as 
urea and ammonia nitrogen. That the “spillage” of amino 
acids may be related to the biological value of a preparation, 
as shown for proteins by Pearce, Sauberlich and Baumann 
(’47), is indicated by an unpublished experiment in which a 
trj’ptophan-free amino acid mixture was administered to 
dogs. When administered orally to two dogs for 4 days, 40% 
of the nitrogen was retained in the body, but when given by 
vein all of the nitrogen was lost in the urine. Seventeen per 
cent of the amino acids was excreted in the urine after infu- 
sion of this preparation, although only 5% was lost when 
tryptophan was included. 

The urinary loss of 30% of the peptides infused shows 
that the peptides of the hydrolysates were not as well retained 
as the amino acids, which were lost in the urine to the extent 
of 14%. The fact that increasing the rate of infusion 4-foId 
did not increase the peptide excretion suggests that the 
greater loss of peptides in the urine was not solely a result 
of inability of the kidney tubules to reabsorb peptides from 
the glomerular filtrate. An alternative explanation is that 
certain of these peptides were not available to the tissues, due 
either to their size or composition. 

The incomplete utilization of parenterally administered 
peptides (Christensen et al., ’46) is most clearly demonstrated 
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b 3 ' tlie experiments with preparation C. IVhen this hydro- 
lysate was given intravenously to 1 dogs about half of the 
peptide fraction was found in the urine and the biological 
value Avas zero — that is, none of the nitrogen Avas retained by 
the bod}''. HoAA'’ever, Avhen the same preparation Avas given 
orally and thereby exposed to intestinal digestion, it Avas 
utilized as Avell as the other preparations. It appears that 
certain essential aniixio acids may have been primarily in the 
peptide fraction that was lost in the urine after intravenous 
infusion. This Avould obviously make the ixreparation deficient 
although all essential amino acids were present in the material 
infused. It is also a possibility that hydrolysate 0 satisfied 
the requirements for oral administration to dogs but not 
those for intraAmnous administration. We have no reason to 
assume that the relative amounts of amino acids required in 
the diet are the same as those required for parenteral 
feeding. It is not unreasonable to assume that certain amino 
acids may be utilized less efiieiently than others by the intra- 
venous route, and might therefore be required in relathmly 
higher concentrations AAhen the parenteral I'oute is employed. 

The data emphasise the necessity of demonstrating that 
preparations designed for intraA’enous alimentation can be 
utilized after parenteral infusion. HoAvever, it does not folloAV 
that a preparation which is not satisfactorily utilized by 
laboratory animals, under a giA^en set of conditions, aauII 
necessarily te unsatisfactory in man. 

Further evidexice has been obtained of the unavailability of 
certain peptides after oral feeding of protein hydrolysates. 
In these expeiiments, after feeding three hydrolysates or a 
mixture of the same hydrolysates, 5 to 10% of the ingested 
peptides AA’^ere found in the urine. Since there Avas little or 
no increase in peptide amino nitrogen in the urine after the 
feeding of preparations containing no peptides (E and F) it 
is reasonable to conclude that the bound a-amino nitrogen 
foixnd after feeding peptides Avas actually peptide in nature, 
and had its origin in the peptide component of the hydrolysate. 
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SUMMARY 

1. The urinary excretion of amino acids by dogs was 
negligible during a 4-day period of oral feeding of protein 
hydrolysates or amino acid mixtures. After intravenous 
administration over a period of one hour per da^*^, the loss of 
free amino acids in the urine ranged from 5 to 20% and there 
was a decrease in nitrogen retention of approximately 25%. 

■When the daily allotment was given by vein in only 15 min., 
the loss of amino acids in the urine increased 10 to 15% and 
the utilization of nitrogen decreased approximately 60%, due 
to greater excretion of urea and ammonia nitrogen. 

2. After oral feeding of preparations containing peptides, 
2 to 11% of the peptide fraction was lost in the urine. After 
infusion by vein during a one-hour period an average of 30% 
of the peptides was excreted, in contrast to only 14% of the 
free amino acids of these preparations. A 4-fold increase in 
the rate of infusion resulted in no additional loss of peptides 
in the urine. 

3. One preparation, which was utilized approximately as 
well as casein when administered orally, was found to have 
no biological value in terms of nitrogen retention when given 
intravenously. This was apparently related to the excessive 
urinary loss of its peptides (45%) and its amino acids (12%). 

4. The degree of utilization of protein hydrolysates and 
amino acid mixtures depends upon the method of feeding and 
upon the rate of infusion. 

ACKNOWLEDGMENTS 

Thanks are due Hr. Albert Ballman and Mr. John Flanagan 
for technical assistance. "We are indebted to Miss M. C. 
Caswell of the Research Laboratories of Merck and Company, 
Inc., for the amino acid analyses. 

REFERENCES 

Allison, J. B., R. D. Seeley and F. P. Ferguson 1947 The determination of 
nitrogen balance inde.\cs of protein liydrolys.'ites in dogs. J. Biol 
Cheni., 171 : 91. 



164 


ROBERT H* SILBBR AND CURT C. PORTER 


Bruxschww, a., S, Nichols and R. BiGELOifr 1946 lut ravenous gelatin for 
nutritional purposes. Clinical and eNperiraental studies. Surg. Gpu. 
Obst., 8^: 25. 

Christensen, H. N., E. L. Lynch and J. H. Powers 1946 Conjugated, non- 
protein, amino acids of plasma. Ill, Peptideiuia and h/perpeptiduxia 
as a result of the intravenous administration of partially hydrolysed 
casein. J. Biol. Chem., 16$: 649, 

Cox, W. M., Jr,, and A, J. jMiller 1946 The relative efficiency of different 
forms of intravenously administered nitrogen on nitrogen balance and 
amino acid excretion. J. Nutrition, SI: 581. 

Elman, B,, and D. 0. Weiner 1939 Intravenous alinieutatiou with, special 
reference to protein (amino acid) metabolism. J. Am. Hed. Assoc., 
IIS: 796. 

EaosT, D. Y., AND W. C. Bxsser 1946 The adequacy of intravenous partial 
acid hydrolysates of casein and fibrin for nitrogen balance in dogs. 
J. Nutrition, 3S: 361. 

Holman, B. L., E. B. Mahoney and G. H. Whipple 1934 Blood plasma 
protein given by vein utilized in body metabolism. II. A djuiamic 
equilibrium between plasma and tissue proteins. J. Exp. Med., S9: 269. 

Jacobsen, S. D., and C. J. Smyth 1944 Gelatin as a substitute for plasma. 

Observations on its administration to human beings. Arch. Int. Med., 
74: 254. 

Pearce, E. L., H. E. Sauberlich and C. A. Baumann 1947 Amino acids 
excreted by mice fed incomplete proteins. J. Biol. Chem., i6<9: 271. 

Pommerenke, W. T., H. B. Slavin, D. H. Kariher and G. H. Whipple 1935 
Dog plasma protein given by vein utilized in body metabolism of dog. 
Horse plasma and dog hemoglobin not similarly utilized. J. Exp. Med., 
61: 283. 

SiLBER, B, H., A. O. Seeler and E. E. Howe 1946 Urinary excretion of 
a-amino nitrogen following intravenous administration of amino acid 
mixtures. J. Biol. Chem., 164: 639. 

Stokes, J. L., K. Gunness, I, Dwyer and M. Caswell 1945 Microbiological 
methods for the determination of amino acids. II. A uniform assay 
for the ten essential amino acids. Ibid., 160: 35. 

Van Slyke, B. B., B. A. MaoPapyen and P. B. Hamilton 1943 The gaso- 
metrie determination of amino acids in urine by the ninhydrin-carbon 
dioxide method. Ibid. ISO: 251. 



THE EFFECT OF FAT ON CALCIUM AND 
PHOSPHOEUS METABOLISM IN NOEMAL GEOWING 
EATS UNDEE A NOEMAL DIETAEY EEGBIE ^ 

CHABLES E. CALVEBLEY " AND COBNELIA KENNEDY 
Division of Agricultural Biochemistry, College of Agricultre^ 

University of Minnesota, St. Paul 

(Beceived for publication February 14, 1949) 

Much work has been done on the effect of fat on calcium 
and phosphorus metabolism. In most instances either the 
diet or the animals eznployed, or both, have been abnormal. 
The criteria used for assessing results also have varied. Thus 
Westerlund (’34a, ’34b), investigating the influence of tri- 
palmitin, triolein and tributyrin upon calcium metabolism in 
the adult rat, found that the feeding of tripalmitin caused 
negative calcium balances while neither triolein nor tributyi*in 
produced such an effect. It is to be noted, however, that the 
level of calcium fed was kept extremely low to promote the 
highest degree of calcium utilization. French ( ’42) and 
French and Elliott ( ’43) fed diets containing oleo oil at 
levels ranging from 0.28% to 45.46% to adult rats. The diets 
contained the suboptimum level of 0.3% of calcium and a 
calcizun-to-phosphorus ratio of 1:1, They concluded that 
oleo oil interferes to a slight degree with calcium retention, 
though the evidence was of a low order of significance. 

Enudson and Floody ( ’40) fed rats a low-fat rachitogenic 
diet containing a known amount of vitamin D, 1.27% calcium 

* Paper Ko. 2423, Scientific Journal Series, Minnesota Agricultural Experiment 
Station, 

’ Present addrcbs : Pussell-Miller Milling Company, 900 Midland Bank Build- 
ing, Minneapolis, Minnesota, 
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and a ealcinm-to-iDhospliorus ratio of 5:1. They found that 
the addition of 5% hardened cottonseed oil promoted bet- 
ter healing in rachitic rats. Larger amounts of fat Avere 
not so efficacious. Similarly, Jones ( ’40) found that the 
addition to rachitogenic diets of lard to comprise up to 10% 
increased the bone ash of rachitic rats over a AAude range of 
calcium levels (0.3S%-1.0%) and calcium-to-phosphorus ratios 
(4:1-50:1). Higher levels of lard exerted less influence. 

As a result of many studies invoMng the addition of 
peanut oil to a high calcium-loAV phosphorus rachitogenic diet, 
Booth, Henry and Kon (’42) concluded that fats exert a 
definite antirachitic effect. They do not exert such an effect 
in high i^hosphorus-loAv calcium diets. Bunkfeldt and Steen- 
boek ( ’43) fed cottonseed oil as a supplement to various diets 
and concluded that calcification was depressed in a low- 
phosphorus rachitogenic ration (phosphorus 0.075%). When 
phosphorus was optimum (0.25%), calcification was in- 
ci-eased. Further increases in phosphorus content indicated 
a much smaller beneficial effect of fat, which Avas quite inde- 
pendent of the calcium-to-phosphorus I’atio. 

IVhile fat most certainly affects the utilization of calcium 
and phosphorus, it appears that the absolute level of calcium 
and of phosphorus, their ratio to each other, the fat used and 
the condition of the animal are unportant factors. It seemed 
to us desirable to determine the influence of fat on calcium 
and phosphorus utilization Avhen a normal diet is fed to 
normal, groAving rats. 


EXPERIMENTAL 

The percentage composition of the ration used AAms egg 
albumen (cooked), 18.0; dextiinized starch, 73.4; and Jones 
and Foster (’45) salt mixture, 3.6. To this was added 5% of 
the fat to be used-eompletely hydrogenated cottonseed oil 
(HCSO), peanut oil (PNO) or coconut oil (CNO). One group 
was given an additional 5.2% of dextrinized starch in lieu of 
fat, the salt mixture being dropped to 3.4% so as to preserve 
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a eoustaut ratio of calories to minerals. Daily vitamin sup- 
plements of 80 lig thiamine hydrochloride, 160 ng riboflavin, 
120 {jg pyridoxine hydrochloride and 100 pg of calcium panto- 
thenate were given. Vitamins A and D were supplied by one 
drop of cod liver oil twice each week. The rations provided 
approximately 0.6% of calcium and 0.4% of phosphorus.^ 
Twelve 60-gm male rats were placed on each diet. In the 
ease of the hydrogenated cottonseed oil, however, the feces 
and urine collections were from 10 rats, as the urine from 
two of the animals was inadvertently discarded after the 
completion of the feeding. The rats were kept in individual 
mesh-bottomed metabolism cages, each of which was set in a 
funnel in which had been placed a copper screen for the 
separation of feces and urine. Collections were started fol- 
lowing a two-day preliminary feeding period. Feces were 
removed from the screen each day and the cage bottom, 
screen, and funnel washed with hot water acidified with sul- 
furic acid to a pH of 4.6 to 4.8. Twice each week, the urine, 
plus washings, was collected from beakers placed under the 
funnels and stored in glass jars at 7 to 8°C. until analyzed. 

Food wastes and contamination \vith excreta were held to 
negligible quantities by the use of a specially prepared feed- 
ing device. A Franke-tjqie cup was placed in the center of a * 
can having a diameter of about 5 inches, the can being cut off 
at an angle of approximately 30° and the whole assembly 
covered with quarter-inch mesh and suspended on the side 
of the cage. By this arrangement, sleeping on the feeding 
cup was prevented and scattered food fell through the mesh 
into the large can, permitting subsequent recovery and 
weighing. 

At the conclusion of a 28-day feeding period, the rats were 
killed with chloroform and the femurs removed for bone ash 
detenninations. Calcium and phosphorus determinations 
were made of the diets and samples of the feces and urine. 

*TUe actual percentage of calcium and pliospliorus wag as follows: HCSO 
diet Ca O.CS, P 0.42 ; CXO diet — Ca 0.63, P 0.40 ; PXO diet — Ca 0.65 " P 0 40 • 
no-fat diet — Ca 0.61, P 0.44. 
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The methods of Morris, Nelson and Palmer (’31) Avere used 
in these determinations. 


BESTJLTS 

Calcium and phosphorus balances 

Data on food intakes, weight gains and calcium and phos- 
phorus determinations are given in table 1. Initially an 
attempt was made to control rigidly and equalize the amount 
of food eaten. This did not prove feasible, possibly because 
of a difference in appetite for the various fats. Sufficient 


TABLE 1 

Results of chemical determinations and feeding trials 


CATJEOOfiy OF 
liJTEJJEST 


DIET 


HOSO 

CNO 

PNO 

No-fat 

Food intake (gm) 

297.3 

307.7 

295.5 

311.0 

Weight gain (gm) 

121.4 

115.0 

116.5 

117.7 

Calcium 





In food (gm) 

2.0 ± 0.08 * 

1.9 ± 0.04 

1.9 ± 0.06 

1.9 ± 0.12 

In feces (gm) 

0.8 ± 0.07 

0.7 ± 0.05 

0.6 ± 0.08 

0.4 ± 0.23 

In urine (gm) 

0.1 ± 0.07 

0.1 i 0.02 

0.2 ± 0.05 

0.2 ± 0.12 

Phosphorus 





, In food (gm) 

1.3 ± 0.05 

1.2 ± 0.02 

1.2 ± 0.08 

1.4 zt 0.10 

In feces (gm) 

0.2 ± 0.02 

0.3 ± 0.03 

0.3 ± 0.04 

0.3 zt 0.08 

In urine (gm) 

0.2 ± 0.06 

0.1 ±: 0.04 

0.1 ± 0.04 

0.1 dz 0.08 

Femur ash (%) 

61.9 -f 1.90 

62.8 -f- 0.70 

62.0 + 1.80 

62.0 1.00 

^ Standard deviation. 


control Avas maintained, however, so that the mean variation 
of the amounts eaten was not large. All animals gained well. 

Calculated values of the proportion of calcium and phos- 
phorus in the feces and urine and that which was retained are 
given in table 2. The significance of the differences between 
the means of calcium and phosphorus in the feces and in the 
urine for each fat and the comparable mean for the no-fat 
diet were tested, using Fisher’s (’30) modification of “Stu- 
dent’s” t test. 
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Fecal calcium iucreased with inci’ease in the melting point 
of the fat used. The animals on the no-fat diet excreted the 
least calcium in the feces. The differences between the means 
of the HCSO and CKO diets, respectively, and that of the no- 
fat diet were highly signficant; between the mean of the PNO 
diet and the no-fat diet, the differences were below the signi- 
ficant level. 

In general, urinary calcium varied inversely to fecal cal- 
cium, though the variations were of smaller magnitude. Hence, 
retentions of calcium varied nearly as greatly as the fecal 

TABLE 2 

Partition of diptary caJcium and phosphorus 


CATEGORY OF 


DIET 


INTEREST 

HCSO 

GNO 

PNO 

No-fat 

Calcium 

Pecal (%) 

Urinary (%) 
Betention (%) 

dt 2.5 " 
3 dt 0.1 ^ 
55 ± 2.6 ^ 

35 ± 3.2 " 

7 ± 1.9 

59 ± 2,7 ^ 

30 it 4.5 

7 ± 3.1 

63 ± 1.7 

27 ± 4.4 
8 ± 1.8 
65 ± 4.3 

Phosphorus 

Pecal (%) 

Urinary (%) 
Eetention (%) 

18 It: 2.9 

19 zt 2.1 * 
63 ih 4.4 ^ 

27 ± 3.4 " 

6 ± 1.7 

67 ± 4.1 ' 

26 It 4.8 ^ 

5 It 1.8 

69 It 4.9 ’ 

20 ± 1.8 
6 ± 2.1 
74 ± 3.6 

^ The difference between this value 

and that of the 

fat-free diet is 

highly sig- 


nificant (‘H*' value exceeds that tabulated for P = 0.01). 

*The difference between this value and that of the fat-free diet is significant 
(‘‘t” value exceeds that tabulated for P = 0.05). 

calcium, but in inverse order. Again the difference between 
the means was highly significant in the case of the HCSO 
and CKO diets, but not significant in the case of the PNO 
diet. 

The excretion of fecal phosphorus revealed no constant 
relationship either to the characteristics of the fat used or 
to the presence or absence of fat in the diet. Animals on the 
CKO and PNO diets excreted more phosphorus than those 
on the no-fat diet. There was little difference between results 
on the HCSO and no-fat diets. 
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The very high excretion of phosphorus in the urine of rats 
on the HCSO diet was the only noteworthy feature of urinary 
phosphorus excretion. It lowered the retention of phosphorus 
to a value less than that obtained on any other diet; conse- 
quently retentions of phosphorus varied in the same manner 
as retentions of calcium. The difference between the means 
of the HCSO and CNO diets and that of the no-fat diet were 
highly sigiiifieant; that between the means of the PNO diet 
and the no-fat diet was significant. 


Excretion of calcium soaps 

Holt, Courtney and Pales (’20) suggested that certain 
instances of poor calcium retention were due to the formation 
of insoluble calcium soaps. In order to discover the extent 

TABLE 3 


Xe^itral fat and fatty acids of feces 


CATEGORY OF INTEREST 


DIET 


HCSO 

exo 

PXO 

Xo-fat 

Dry weight of feces (gm) 

25.36 

18.22 

16.19 

17.94 

Neutral fat iu feces (gm) 

2.28 

0.58 

0.82 

0.60 

Free fatty acids in feces (gm) 

10.64 

1.13 

1.96 

1.44 

Total (as triglycerides) (gm) 

13.41 

1.76 

2.86 

2.10 


to which this reaction might be responsible for the higher 
fecal calcium noted in rats fed the fat-containing diets, we 
attempted to determine the quantity of calcium soaps excreted 
in the feces. Several methods were tried and that of Augur, 
Rollman and Deuel ( ’47 ) was finally used, although it did 
not prove entirely satisfactoiy. The results are given in 
table 3. 

Eats on the no-fat diet excreted considerable quantities of 
neutral fat and soaps. These, as Augnr et al. have pointed 
out, must be regarded as of “metabolic” origin. 

The animals on the CNO diet excreted even less neutral 
fat and soaps; hence it would ai^pear that all of the fat in 
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their diet was absorbed, since the quantities found in the 
feces were of such small magnitude that they could all be 
accounted for as metabolic. This agrees with the findings of 
Hoagland and Snider ( '43a) that coconut oil is 98.9% digesti- 
ble at the 5% level. The relatively high fecal excretion of 
calcium noted in rats on this diet cannot be attributed to the 
formation of calcium soaps. 

Rats on the PNO diet excreted slightly larger quantities 
of neutral fat and soaps than did rats on the no-fat diet. 

Particularly noteworthy is the much greater amount of 
feces passed by animals on the HCSO diet than that by ani- 
mals on the other diets. All of this increase was accounted 
for by increases in the amounts of free fat and soap excreted, 
which was expected in view of the higher fecal excretion of 
calcium observed. 


Bone formation 

Data on the analysis of the femurs for ash is given in table 
1. It can readily be seen that, at least in the 28 days of feed- 
ing, the differences in mineral metabolism obtained on the 
diets did not effect the formation of the bones. 

DISCUSSION 

The inclusion of 5% fat in the diet increased fecal calcium. 
Prom the work of Holt, Courtney and Pales ( ’20) one might 
conclude that the rather large increase in fecal calcium in 
rats on the HCSO diet was probably due to poor absorption 
of calcium stearate formed in the digestive tract. Hoagland 
and Snider (’43b) have also reported on the poor absorption 
of tristearin and stearic acid. The HCSO was completely 
hydrogenated, hence it would have contained a large percent- 
age of stearate. The large amounts of free fatty acids (soaps) 
noted in the feces of these animals would tend to substantiate 
such a theory. 

On the other hand, the excretion of free fatty acids (soaps) 
by rats on the CNO and PNO diets was much smaller, so that 
it seems improbable that such a reaction was a factor in the 
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increases of fecal ealcinm noted in these two groups of 
animals. Calcium stearate is utilized by the rat, to a limited 
extent at least, as Boyd, Crum and Lyman ( ’32) have shown. 
It would seem likely that the much smaller amounts of calcium 
stearate which might have beeen formed on the CNO and 
PNO diets were largely absorbed. 

Bergeim ( ’26) demonstrated that calcium is excreted into 
the intestine. Hence, the presence of calcium in the feces 
may be due to lack of absorption or to excretion. The extent 
of excretion varies over a considerable range, depending on 
the diet. Pollomng a period of feeding calcium citrate, 
Steggerda and Mitchell (’46) found fecal calcium to be as 
much as twice the calcium intake. Greenberg (’45) found 
that about 18.0% of an injected dose of radioactive calcium 
appeared in the feces, whereas 32.5% appeared when the 
same amount was administered orally. It was not possible 
in the present experiments to determine whether the increased 
calcium in the feces of those rats fed the CNO and PNO diets 
was due to decreased absorption, to increased excretion, or 
to both. 

It does seem that the increased excretion of fecal calcium 
imposed no strain on the economy of calcium in the body 
except, possibly, in those rats on the HCSO diet. Urinary 
calcium remained nearly constant except for the latter group. 
Bone ash apparently was not affected in any gTOup, which 
is interesting in view of the mai'ked variation in retention 
from group to group. 

Phosphorus, too, is excreted into the intestine, as Bex'geun 
(’26) has shown, and its presence in the feces may be due 
to lack of absorption or to excretion. Though the addition 
of CNO and PNO to the diet increased fecal phosphorus, 
HCSO did not have such an effect. This may have been due 
to the removal of interfering calcium from the intestine, as 
calcium stearate, when HCSO was fed. With the CNO and 
PNO diets there was little, if any, increase in soap formation 
but there was an increase in calcium excretion, possibly as 
a phosphate, thus accounting for the obseiwed increase in 
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phosphorus excretion. Certainly there was no indication that 
the inclusion of fat, per se, increased fecal phosphorus. 

Urinary phosphorus, like urinary calcium, was not much 
affected except in the group on the HCSO diet. Though fecal 
phosphorus was the lowest in this group, urinary phosphorus 
was over three times as great as in the other gToups. Such 
an effect might have been due to a higher plasma concentra- 
tion after absorption, giving rise to an excessive excretion 
before the phosphorus could be used, or to a lack of calcium 
ions which would aid in fixing phosphorus in the tissues. 

The intimate relationship existing between calcium and 
phosphorus metabolism was evident in the values obtained 
for phosphorus retention. In spite of the irregular and di- 
vergent effect of the different fats on phosphorus excretion 
in the feces and urine, its retention varied in a manner similar 
to that of calcium. 

"When calcium is in excess, as in many rachitogenic diets, 
and the fat is partly composed of triglycerides of long-chain, 
saturated fatty acids, the formation of calcium soaps, with 
consequent lowering of phosphorus lost in the feces, may 
bring about some improvement in phosphorus utilization. 
This may possibly explain the results of Khudson and Ploody 
(’40) and of Jones (’40). The observation of Booth, Henry 
and Kon (’42) that the equiealoric inclusion of peanut oil 
in the diet lowered both the fecal excretion of phosphorus 
and the urinary excretion of calcium is in direct contrast to 
our results. It was possibly due to the higher calcium and 
lower phosphorus content of their rachitogenic diet (calcium 

0.9%, phosphorus 0.18%) and the formation of calcium soaps 
when fat was included. 


CONCLUSIONS 

1. The inclusion in a normal diet of 5% fat (completely 
hydrogenated cottonseed oil, coconut oil, or peanut oil) in- 
creased the fecal excretion of calcium. 

2. "^en fats containing many of the poorly absorbed 
glycerides of the long-chain, saturated fatty acids were fed, 
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the increase in fecal eNcretion was probably due to the forma- 
tion of relatively insoluble calcium soaps. When this was 
the case, the excretion of phosphorus in the feces was not 
increased. 

3. When fats containing- mostly the more rapidly ab- 
sorbed glycerides of long-chain, imsaturated or short-chain, 
saturated fatt)'- acids were fed, the increase in fecal excretion 
of calcium was of lesser mag-nitude. It did not seem to be 
due to the formation of calcium soaps and it apparently 
carried phosphorus -ivith it, since fecal phosphorus was also 
increased. 

4. The excretion of calcium and phosphorus in the urine 
was affected only indirectly by the presence of fat in the 
diet. When the fecal excretion of calcium was considerably 
increased there was a decrease in the urinary excretion of 
calcium but a marked increase in the urinary excretion of 
phosphorus. 

5. The cumulative result of the inclusion of 5% fat in 
the diet was a decrease in the retentions of calcium and of 
phosphorus which roughly paralleled the increase in the fecal 
excretion of calcium. 

6. The inclusion of 5% fat in the normal diet, well supplied 
with calcium and phosphorus and having an optimum ealcium- 
to-phosphorus ratio, did not apparently affect the foi-mation 
of bone in healthy, growing rats. 
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PUEIFIED AMINO ACIDS AS A SOUECE OP 
NITROGEN POE THE GROWING EAT ^ 

G. B. HAMAS AEMA/ L. M. HENDERSON" AND C. A. ELVEHJEM 
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More than 10 years ago Eose and co-workers demonstrated 
that 10 amino acids are required by the rat for rapid growth, 
while 12 other amino acids are dispensable. An extensive 
review of this subject appeared in 1938 (Eose, ’38). At about 
the same time Rose (’37) presented tentative minimum re- 
quirements for each of the 10 indispensable amino acids for 
rapid growth of the rat. A reinvestigation by Eose and 
Womack (’46) when an improved ration was used showed 
that the phenylalanine requirement proposed earlier (0.7%) 
was somewhat low, and that 0.9% was required for maximum 
growth. This requirement was reduced to nearly half when 
the ration contained about 0.6% n-tyrosine (Womack and 
Eose, ’46b). 

Subsequent work by this group (Borman et ah, ’46) con- 
firmed their earlier observation (Scull and Eose, ’30) that 
the young rat can synthesize arginine from materials ordi- 
narily available in the ration, hut not at a rate commensurate 
with the requirements for rapid growth. Therefore, arginine 
was classified as an essential dietary component for optimum 

‘Published «-ith the .approval of the Director of the Wisconsin Agricultural 
Experiment Station. Supported in part by a grant from the Nutrition Foundation 
Inc., New York, N. Y., and in part by the Research Committee of the Graduate' 
School from funds supplied by the Wisconsin Alumni Research Foundation 

‘Permanent address; Baptakos Brett and Co., Ltd., Worli, Bombay, India. 

‘Present address: Chemistry Department, University of Illinois, Hrbana. 
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growtli. Using an improved ration in ■wliieli tlie composition 
of the amino acid mixture, vitamin supplement, and gross 
constituents 'were altered, Womack and Eose (’47) investi- 
gated the nutritional role of glutamic acid, hydroxypi’oline 
and proline. They found that hydroxproline and proline were 
dispensable, hut that the latter could partially replace the 
arginine required for rapid growth. Arginine, glutamic acid 
and proline were mutually interconvertible in the rat but at 
different rates, as shown by the decreasing order of their 
influence upon growth. However, the best rates of growth 
were obtained when all three amino acids were included. 
Later studies (Rose et ah, ’48) indicated that glutamic acid 
Avas stimulatory when added to a ration containing only the 
10 essential amino acids, but its omission from a ration con- 
taining 19 amino acids did not reduce the gTowth rate 
significantly. 

Evidence of the existence in proteins of an unidentified 
groAvth stimulant for rats Avas presented by Womack and 
Eose (’46a), who observed that the groAvth rate of animals 
receiving their best amino acid ration was far less than that 
of rats receiving a ration containing 18% casein supplemented 
Avith 0.2% methionine (3.5 gm per day compared to 5.1 gm 
per day). Partial replacement of the amino acids by proteins 
such as casein improved the growth rate Avhile the correspond- 
ing acid hydrolysates did not. It was concluded therefore 
that young rats require an unknoAvn growth factor contained 
in intact proteins. Wliether this is identical Avith “strep- 
ogenin,” the peptide which has been reported to be a groAvth 
stimulant for certain bacteria and mice (Woolley, ’45), was 
not established. 

The present communication deals A\uth studies begun nearly 
three years ago in an effort to formulate a mixture of purified 
amino acids AAdaich Avould support gTowth rates in Aveanling 
rats approximating those obtainable Avith equivalent amounts 
of a protein such as casein. For this purpose the minimum 
requirements for the essential amino acids as proposed by 
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Rose in 1937 and modified subsequently CWomaek and Kade, 
’41) served as a starting point. 

EXPERIMENTAL 

IVeanling male rats of tbe Sprague-Dawley strain, 21 days 
old and within a 5 g-m weight range, were used. They were 
placed in individual cages and fed ad libitum for 28 days. 
In most of the groups the daily food consumption was re- 
corded to permit the calculation of the protein efficiency of the 
different rations. The animals were weighed at weekly 
intervals. 

Each gToup consisted of two to 4 animals, with three in a 
majority of the groups. Whenever a suggestive observation 
was made the experiment was repeated with a larger number 
of animals, using the same ration, and the results of all such 
trials are presented together. The gTOwth rates and protein 
efficiency values given in the tables represent the averages 
together with the range or the standard error of the mean. 
When possible, the “t” test was applied and a P value of 
0.05 or less was considered statistically significant. 

The rations used had the following basic percentage com- 
position: Corn oil 5, salts IV (Phillips and Hart, ’35) 4, 
monosodium phosphate monohydrate * 0.63, vitamin mixture 
2, amino acids, casein® or acid hydrolysate of casein® as 
indicated, and sucrose to make up to 100%. The 2 gm of the 
vitamin mixture in a sucrose base contained: Thiamine 
hydrochloride 0.2 mg, riboflavin 0.3 mg, pyridoxiue hydro- 
chloride 0.25 mg, niacin 1.5 mg, inositol 10 mg, choline chloride 
100 mg, calcium d-pantothenate 2 mg, biotin 10 ng, and pteroyl- 
glutamic acid 20 pg. Fat-soluble vitamins were given once 
each week to each rat in the form of two drops of a modified 
halibut liver oil to provide a daily intake of 400 I.U. of vitamin 

* To supply tlio phosphorus contained in 18% casein for which the salt mixture 
was designed, 

= Vitamin-test casein, General Biochemicals, Inc., was used throughout these 
experiments, 

• See footnote 5. 
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A, 4 I.U. of vitamin D, 0.7 mg’ of a-toeoplierol, and 0.06 mg of 
2-methyl-l, 4-naphtiioqumone. 

The composition of the essential amino acid mixture “A” 
used in the preliminary studies is given in table 1. To provide 
5.6% of the physiologically active essential amino acids in 


TABLE X 

Composition of the essential aniino acid mixUires and 


Ailixo Aoin 

PHYSIOLOOICAIiLY 

FOBS! 

AS 

USED = 

UITROOEU 


% 

% 

ro 

Ii-Iiysine 

1.0 



monohydrochloride 


1.24 

0.190 

li-Histidine 

0.4 



monohydrochloride mono- 




hydrate 


0.54 

0.108 

L-Arginine 

0.2 



monohydrochloride 


0.25 

0.066 

PL-Tryptophan 

0.2 

0.20 

0.027 

PL-Phenylalanine 

0.7 (0.9) 

0.70 (0.9) 

0.059 (0.076) 

L-Leueine 

0.8 

0.80 

0.086 

DL-Isoleucine 

0.5 

1.0 

0.107 

PL-Threonine 

0.5 

1.0 

0.118 

pL'Methionine 

0.6 

0.6 

0.056 

DL-Valine 

0.7 

1,4 

0.168 

Total 

5.6 (5.8) 

7.73 (7.93) 

0.985 (1.002) 


' The figures in parentheses refer to essential amino acid mixture ^ ^ B. ' ^ 

^ Amino acids as supplied by the manufacturers (mostly !Merck and Inter- 
chemical) were used after checking their purity by microbiological methods 
(Henderson and Snell, '48). Various samples of commercially available de»- 
Isoleucine showed from 35 to 100% of the expected activity for Lactohacillus 
deXhruchii S, presumably because of contamination with DL-alloisoleucine (Smith 
and Greene, '48). The samples used in these studies ranged from 76 to 80% pure 
by this criterion and correspondingly larger amounts were included in the mix- 
tures. It was assumed that the nitrogen of this impurity was available to the 
rats as non-essential amino acid nitrogen. 


the proportions proposed bv Rose and co-workers (Rose, '37 : 
Womack and Kade, ’44), it was necessary to add 7.73% of 
the amino acids used, in order to correct for the inactive n- 
forms of isolencine, valine and threonine, and the HCl and 
water of crystallization of the salts of the basic amino acids. 
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RESULTS 

The results of preliminary studies with amino acid-eontain- 
ing rations are presented in table 2. When essential amino 
acids at a level of 5.6% were the sole soucre of nitrogen, the 
growth rate was very poor (0.41 gm per day). The addition 
of 2% glutamic acid improved the growth rate to about 1.3 
gmper day; a further increase in glutamic acid to 6% resulted 
in little improvement. On the other hand, the addition of 2% 


TABLE 2 

Besulis of preliminary studies with amino acid rations ^ 


NITBOGEKOUS 

CO>’TEKT 

SO. OF 

GROWTH HATE 

COltPONEKTS 

or RATIOS 

AXIMALS 

Average 

Range 


% 



gm/day 

0.6% EAA 

0.98 

3 

0.41 

0.28-0.57 

5.6% EAA + 2% GA 

1.17 

3 

1.3 

1.2 -1.4 

5.6% EAA + 6% GA 

1.55 

6 

1.6 

1.4 -1.8 

5.6% EAA -f 2% GA 4- ? 

2% casein ) 

1.48 

3 

2.7 

CO 

1 

0.6% EAA -f 2% GA + 1 

2% AHC J 

1.48 

3 

2.3 

2.2 -2.3 

5.6% EAA -f 0.2% DL-pheuyl- 
alanine + 5.8% GA 

\ 1.55 

11 


2.1 -2.9 


*EAA Essential amino acid mixture '*A'' shown in table 1. 
GA = L' Glutamic acid. 

AHC = Acid hj'drolyzed casein. 


glutamic acid and 2% casein or acid hydrolyzed casein gave 
growth rates of 2.7 and 2.3 gm per day, respectively. To 
determine whether this beneficial effect was due to the supply 
of an essential amino acid in which the mixture was limiting, 
a number of experiments with smaller numbers of animals 
Avere conducted wherein the essential amino acids were added 
individually and in groups of two and three. The results were 
negative in all cases (data not presented) except that the 
addition of 0.2% oL-phenylalanine resulted in an improved 
rate of growth (2.5 gm per day). At about the same time 
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Eose and Womack (’46) reported tliat 0.9% plienylalanine 
was required with, their revised ration. Accordingly the 
essential amino acid mixture “A” was modified to contain 
0.9% phenylalanine and the resulting mixture “B” (table 1) 
was used in all subsequent experiments reported. 

A number of modifications involving’ the other major in- 
gredients of the ration were made in an effort to improve 
the growth rates further. Isocaloric replacement of sucrose 
by 25 gm of corn oil, doubling the vitamin content, the replace- 
ment of corn oil and a part of the sucrose by dextrin, lard and 
agar as used earlier by Eose and Womack (’46), the addition 
of 5% celluflour or replacement of the sucrose by dextrin, 
resulted in no improvement. The observation of Borman et 
al. ( ’46) on the adverse effect of high levels of fat was con- 
fii’med. In several instances during the course of this woi’k 
2% lyophilized liver was used and a slight stimulation in 
growth was observed, probably due to the protein supplied. 
Antipernieious anemia liver preparations administered intra- 
peritoneally did not stimulate the growth of rats receiving 
a number of the amino acid rations. 

The effect of varying the levels of glutamic acid and the 
essential amino acid mixture was next studied (table 3). 
When the glutamic acid level was increased from 5.8% to 
15.8% (rations 1 and 3), there was a slight increase in the 
average rate of growth (2.5±0.07 and 2.7±:0.08 g-m per day), 
but this difference was not statistically significant (t = 1.83, 
P = 0.087). It is to be noted, however, that comparatively 
high levels of glutamic acid seem to be well tolerated by the 
gi’owing rat. Therefore, this amino acid was used in many 
subsequent experiments for adjusting the nitrogen content 
of the rations to the desired level. The results with rations 
1 and 2 (table 3) suggested a slight depression, in growth 
rate when the essential amino acid mixture was increased 
from 5.8% to 7.7% at the expense of glutamic acid. Doubling 
the level of the mixture (compare rations 3 and 4) resulted 
in a depression of the gro^vth rate from 2.7 rfc 0.08 to 2.3 ±: 0.11 
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gm per day, the difference being statistically sig*nifieant 
(t = 2.96, P = 0.014). 

Since the rate of growth of rats receiving rations contain- 
ing amino acids was much less than that of rats receiving 
equivalent amounts of casein, a number of experiments (see 
table 4) Avere conducted to determine whether this poor 
performance was due to the lack of strepogenin. For this 
purpose, an acid hydrolysate of casern was prepared as 
pi-eviously described (Henderson et ah, ’47). The hydrolysate 
was tested microbiologically (Woolley, ’48) and found to be 


TABLE 3 

Effect of varying levels of the essential amino acid mixture and glutamic acid 


RATION” 

NO. 

NITBOGENOUS COMPONENTS 

N CONTENT 

NO or 
animals 

GROWTH 

RATE 

PRO- 

TEIN 

EPPI- 

CIEN- 




% 


gm/day 


1 

5.8% EAA " 

+ 5.8% GA 

1.55 

11 

2.5 ±: 0,07 

3.23 

2 

7.7% EAA 

± 2.3% GA 

1.55 

2 

2,3 

3.00 

3 

5.8% EAA 

+ 15.8% GA 

2.5 

9 

2.7 ± 0.08 

2.08 

4 

11.6% EAA 

+ 5.25% GA 

2.5 

4 

2.3 ± 0.11 

2.02 


^Protein efficiency represents the gain in body weight in grams per gram of 
protein (N X 6.25) consumed. 

*See footnote, table 2. 


free of strepogenin; however, it contained the expected 
amounts of all essential amino acids other than tryptophan 
(Henderson and Snell, ’48). When a ration containing 20% 
of this hydrolysate supplemented Avith 0.2% on-tryptophan 
and 0.2% n-cystine Avas fed to rats, the growth rate averaged 
4.25 ±0.13 gm per day, Avhile the rats fed an equivalent level 
of casein (19%) greAv at the rate of 4.61±0.15 gm per day. 
The difference betAs-een these gi-OAvth rates Avas not significant 
(t==1.82, P== 0.082). Eeplacement of part of the hydro- 
lysate by 5% intact casein or 5% egg albumin purified accord- 
ing toffie method of Woolley ( ’46) gave average growth rates 
of 4.55±0.14 and 4.40±0.09 gm per day, respectively. From 
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these results it was concluded that the lack of strepogenin 
does not limit the growth of young rats sig-nificantly. 

In view of the fact that the growth rate and protein 
efficiency vary with the level of protein in the ration, it 
seemed desirable to maintain a constant level of nitrogen in 
all rations. In all subsequent experiments, therefore, a 
nitrogen level of 2.5% was used. This amount is the same as 
that provided by 19% air dried casein, which is generally 
considered adequate for optimum growth in the rat. The 
results of these experiments are presented in table 5. 


TABLE 4 

CompansoTi of acid hydrolysed casein and intact proteins 


NITBOOENOUS COilPONENTS 

NO OF 

animals 

GROWTH RATE 

PROTEIN 

EFITCIENCY^ 

19% Casein 

11 

gmjday 

4.61 ± 0.15 

2,67 + 0.03 

20% AHC 4“ 0.2% DL'tryptophan 
+ 0.2% L cystine 

11 

4.25 ± 0.13 

2.59 0.06 * 

14.5% AHC + 0.2% DL tryptophan 
+ 0.2% L-eystine + 5% casein 

11 

4.55 ± 0.14 


14.5% AHC + 0.2% DL-tryptophan 
+ 0.2% L cystine + 5% egg 
albumin 

3 

4.40 rt 0.09 



' See footnote 1, table 3. 

* Based on 8 of the 11 animals- 


While the rate of growth with rations containing 5.8% 
essential amino acids plus 15.8% glutamic acid was 2.7±0.08 
gm per day, the isonitrogenous substitution of 5% casein for 
glutamic acid increased the gro\vth rate significantly to 
3.4±0.13 gm per day. Since earlier experiments had failed 
to show any improvement with higher levels of the essential 
amino acids, singly or collectively, it seemed probable that 
this beneficial effect of casein was due to its non-essential 
amino acids. This impression was confiinned when a similar 
rate of growth (3.4±:0.12 gm per day) was obtained with the 
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addition of 6.12% of an arbitrary mixture of non-essential 
amino acids. 

Many experiments of an exploratory character, with two 
animals in each group, were conducted to ascertain which of 
these non-essential amino acids was responsible for the 
observed gro^vth stimulation. By adding the amino acids 
singly and in various combinations, at the expense of glutamic 
acid, it was found that glycine, cystine, alanine, serine, pro- 
line, and asparagine (or aspartic acid) had negligible effects 
on the growth rate; figures for these groups are therefore 
not reported in table 5. 

In preliminaiy experiments a stimulatory effect of n- 
tyrosine was noted when it was added to rations containing 
only the essential amino acids and glutamic acid. In the 
presence of 0.75% arginine hydrochloride, tyrosine increased 
the growth rate from 2.6 to 3.6 gm per day (rations 4 and 5, 
table 5). The further addition of 0.5% Du-serine and 1.2% 
DL-alanine (rations 6 and 7) did not produce any significant 
change. An attempt was made (rations 13 and 14) to de- 
termine whether the growth stimulatoiy effect of tyrosine 
could be duplicated by additional amounts of phenylalanine. 
The basal ration used resembled ration 9 but contained no 
tyrosine. When 0.5% of either n- tyrosine or Du-phenylalanine 
was added, the growth rate was approximately the same. 
Further work, with larger numbers of animals and wider 
ranges of tyrosine and phenylalanine concentrations, is 
needed before it can be determined whether the stimulatory 
action of tyrosine is due to an inadequate phenylalanine 
intake or to a limited rate of formation of tyrosine from 
phenylalanine. 

In the presenee of 14.3% glutamic acid (rations 1 and 4) 
additional arginine had no effect on growth. Comparison of 
rations 9 and 12 indicated that when all but 2% of the glutamic 

’Five-tenths per cent DUserine, 0.7% glycine, 1.4% i,-tyrosine, 0.2% 1,-cystine, 
O.OVo vproline, 1.227c» i.-aspargine and 1.27o DL-alanine. This same mixture was used 
at various levels in the other experiments described here. 
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TABLE 5 

Effect of ?io}i-esse7itial amino acids on growth ^ 


RATION 

NO. 

NITROGENOUS COilPONENTS * 

NO. OP 

animals 

GROWTH BATE 

PROTEIN 
EPFICIENOY ® 

1. 

5.8% EAA + 15.8% GA 

9 

gm/ dag 

2.7 ± 0.08 

2.08 ± 0.05 

2. 

5.8% EAA -f- 5% casein 
+ 8.8% GA 

4 

3.4 0.13 

2.32 ± 0.05 

3. 

5.8% EAA + 6.2% GA 
+ 6.1% NEAA 

4 

3.4 ± 0.12 

2.29 ±L 0.01 

-i. 

5.8% EAA + 14.3% GA 
+ 0.5% L-arg. HCl 

3 

2.6 (2.4-3.0)* 

2.1 (1.9-2.3) 

5. 

5.8% EAA + 13.1% GA 
+ 0.5% L-arg. HCl + 
1.4% L-tyrosine 

3 

3.6 (3.6-3.8) 

2.44 (2.29-2.63) 

0. 

5.8% EAA + 12.4% GA 
+ 0.5% L-arg. HCl + 
1.4% L-tyrosine + 

0.5% DL-serine 

3 

3.8 (3.6-4.0) 

2.51 (2.41-2.56) 

7. 

5.8% EAA + 10.4% GA 
+ 0.5% L-arg. HC1 + 
1.4% L-tyrosine + 

0.5% DL-serine + 

1.2% Dii-alanine 

3 

3.8 (3.4-4.0) 

2.37 (2.37-2.37) 

8. 

5.8% EAA + 9.2% 

NEAA + 0.5% 

L-arg. HCl 

5 

3.5 ± 0.18 

2.48 ± 0.04 

9. 

5.8% EAA + 7.85% 
h^AA + 0.5% L-arg. 

HCl + 2% GA 

9 

4.1 ± 0.12 

2.50 ± 0.05 

10. 

5.8% EAA + 6.56% 

NEAA + 0.5% L-arg, 

HCl + 4% GA 

3 

3.4 (3.1-3.8) 

2.38 (2.26-2.48) 

11. 

5.8% EAA + 4.9% 

NEAA + 0.5% L-arg. 

HCl + 8% GA 

3 

3.8 rt 0.20 

2.39 (2.06-2.64) 

12. 

5.8% EAA + 8.85% 

NEAA + 2% GA 

3 

3.0 (2.9-3.1) 

2.37 (2.31-2.48) 

13. 

5.8% EAA + 6.74% 

NEAA (no tyrosine) 

+ 0.5% L-arg. HCl 
+ 2% GA + O.0% 
L-tjTosine 

3 

3.8 (3.4~4.0) 

2.43 (2.36-2.52) 

14. 

Same as ration 13, but 

0.5% DL-plienylalanine 
instead of tyrosine 

3 

3,0 (2.9^.2) 

2.21 (2.0-2.6) 


'I^itrogen content of all the rations was 2.5%. 

* EAA = essential amino acid mixture ‘‘B'' shown in table 1. NEAA = non- 
essential amino acid mixture (see text). See also footnote, table 2, 

* See footnote 1, table 3. 

* Bange. 
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acid was replaced by tbe uon-esseiitial amino acid mixture 
additional arginine was beneficial. 

In another series of experiments (rations 8 to 11) the effect 
of varying the concentration of glutamic acid was studied, 
the level of the non-essential amino acid mixture being altered 
to adjust the nitrogen content to 2.5% in each case. Com- 
parison of rations 8 and 9 suggested a stimulation of growth 
by 2% glutamic acid. Higher levels (rations 9-11) did not 
produce quite as good growth, possibly because of a simultane- 
ous reduction in the other non-essential amino acids. This 
question was examined more critically by Rose, Oesteiling 
and Womack ( ’48). They found that the removal of glutamic 
acid from a diet containing 19 amino acids resulted in a 
slight inhibition of growth which was of doubtful statistical 
significance. 

It is to be noted that ration 9 gave the best growth of all 
the a min o acid-containing rations studied. The average 
growth rate was 4.1±0.12 gm per day and the protein effi- 
ciency averaged 2.5±:0.05 gm per gram of protein consumed. 
The corresponding fignires for a 19% casein ration were 
4.61dr0.15 gm per day and 2.67±:0.03 gm per gram of protein. 
This improvement on ration 9 seemed to be the result of the 
growth-stimulating effects observed earlier ‘with 0.5% argin- 
ine hydrochloride, 2% n-glutamic acid and 1.8% L-tyrosine 
(supplied by the non-essential amino acid mixture). 

In all of these experiments it was observed that the rats 
receiving the free amino acids grew at reduced rates during 
the first week compared with the rats receiving casein. This 
was presumably due to the poor palatahility of the amino 
acids as evidenced by the lower food consumption. As thev 
became accustomed to the rations, however, the animals ate 
well and the growth rate during the third and 4th weeks was 
improved. However, the rats appeared incapable of com- 
pletely overcoming the effects of the initial handicap. To 
obviate this difficulty forced feeding was used, and thereby 
the food intake of the amino acid-fed rats was equalized with 
that of the casein-fed rats. The ration was homogenized in a 
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small volume of water using a Potter-Elvelijem homogeuizer 
to give a thick slurry. It was administered by stomach tube 
in three feedings at 5-hour intervals daily. The results of 
two such paired feeding experiments (see table 6) showed 
that the increased intake of the amino acid rations resulted 
in a better growth rate, approaching that of rats receiving 
casein rations ad libitum. Forced feeding per se did not have 
any adverse effect, as can be seen from the data relating to 
groups 1 and 2. Comparison of groups 3 and 4 and gTOups 6 
and 7 showed that the forced feeding of the amino acids did 
not reduce the protehi efficiency values. It should be noted 
that these values closely paralleled the growth rates at a 
given nitrogen level. For example, the correlation coefficient, 
r, for protein efficiency values and gTovdh rates in table 5 is 
0.67.’ From these observations made on more than 200 rats 
it appears that food consumption fig-ures are of no special 
value in studies of this type. 

DISCUSSION 

The results obtained in the course of this investigation 
confirm the observations made by Rose and associates regard- 
ing the inadequacy of 0.7% phenylalanine (Rose and Womack, 
’46) and the improved growth resulting from the addition of 
the non-essential amino acids to adequate amounts of the 
essential amino acids (Rose et ah, ’48). It is not possible to 
make a quantitative comparison of the present re.sults and 
those obtained by the above workers. The chief points of 
difference are with regard to arginine and tyrosine. Borman 
et ah, (’46) stated in a footnote that 0.25% arginine hydro- 
chloride was adequate for growth and that larger percentages 
were not more effective under the conditions of their tests. 
In the present series of experiments, additional arginine Avas 
found beneficial. Similarly, Womack and Rose (’46b) ob- 
seri’ed that the addition of tyrosine failed to accelerate tbe 
growth rate when the diet contained an adequate amount 
(0.9%) of phenylalanine. The studies reported here indicate 
a growth stimulation with tyrosine. 
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A number of differences in the experimental rations and 
the way in which the experiments were designed may account 
for these apparent discrepancies. In the experiments de- 
scribed here the essential amino acids were used at the levels 
tentatively suggested as minimum (Eose, ’37 ; Womack and 
Kade, ’44), contributing only 5.8% of physiologically avail- 
able forms. Rose and Womack (Eose and Womack, ’46; 
Womack and Rose, ’47) have used the essential amino acids 
at levels of 25 to 100% above these minimum requirements, 
giving approximately 8.6% of the active forms. As a result 
of this and the rather low levels of non-essential amino acids 
fed, the ration of non-essential amino acid nitrogen to 
essential amino acid nitrogen in the mixtures used by tliese 
workers was somewhat lower than those in the rations we 
used. Finally, in all except their recent experiments Rose 
and co-workers (Borman et ah, ’46; Womack and Rose, ’47; 
Rose et ah, ’48) employed rations containing 31% fat. 

The non-essentiality of tyrosine was established by experi- 
ments in which limited grovffh was obtained with no dietary 
source of this amino acid. Abundant evidence has been pre- 
sented of its formation from phenylalanine in the rat. 
Whether the conversion of phenylalanine to tyrosine is rapid 
enough to permit optimum rates of growth is not known. 
This is a possible explanation for the stimulatory action of 
tyrosine in these experiments. Womack and Rose (’46b) 
established the phenylalanine requirement and the extent to 
which tyrosine will substitute for phenylalanine in experi- 
ments where the gi’owth rate did not exceed 2 gm per day in 
most eases. It seems possible that (a) the phenylalanine 
requirement may be more that 0.9% for optimum growth 
without dietary tyrosine or (b) the rate of formation of 
tyrosine may become limiting as the growth rate increases. 
Further, the capacity for this conversion may be affected by 
the nature of the ration. Such a concept is in keeping with 
the recent findings of Eose and co-workers (’48) regarding 
the need for glutamic acid. The residts reported here could 
be explained by either of the above alternatives, but it is not 
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possible to clisting-uisli between them from the data thus fax* 
obtained. It should be noted that in no case did the growth 
exceed 3.0 gin per day without tyrosine or additional phenyl- 
alanine, while growth rates of 3.6 gm per day were obtained 
with 12 amino acids. Similar considerations may explain the 
faihu-e of Borman et al., ( ’46) to obtain better growth with 
0.6% arginuie than with 0.2%. As has been pointed out 
(Womack and Eose, ’47), the stimulatory effect of arginine 
was very .small until improvements were made in the rations. 
It seems possible that still other of the so-called non-essential 
amino acids may be shown to be stimulatory as the growth 
rates approach more closely those observed with good quality 
protein. 

Although the improvements made in the amino acid mix- 
tures resulted in growth rates as high as 4.1 and 4.4 gm per 
day under conditions of ad libitum and forced feeding, respec- 
tively, it should be noted that the growth performances were 
still slightly inferior to those of rats receiving casein. Compu- 
tations from the data on the 11 animals receiving the casein 
diet (table 4) and the 9 rats fed the best amino acid ration 
(group 9 in table 5) show that the difference between these 
groups is significant, the P value being’ 0.03. Further work 
is needed to find an amino acid mixture that will support a 
growth rate as good or better than, casein. The inferiority of 
the present amino acid rations may possibly be due to the 
presence of the unnatural n-isomers. In the formulation of 
these rations it has been assmned that the D-amino acids 
serve to supply non-essential amino acid nitrogen. At the 
levels used they may not produce any symptoms of toxicity 
but may cause a slight depression of growth. On a ration 
containing a mixture of synthetic (racemic) amino acids 
Wretlind (’48) obtained a growth rate of 0.33 gin/day at a 
10% level and 0.89 gm/day at 20%, while at 30 and 40% 
levels the animals lost weight. He concluded that synthetic 
amino acids contain some toxic material. In these laboratories 
an alkaline hydrolysate of casein was prepared bv autoclavin'-- 
with barium liydroxide. Microbiological assavs (Henderson 
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and Snell, ’48) for the essential amino acids in the hj'drolysate 
showed that arginine and threonine were completely de- 
stroyed and several others, particulaiiy valine, histidine and 
isoleucine, suffered partial destruction. This hydrolysate was 
fed to rats at a 20% level, supplemented with the essential 
amino acids to correct for these losses. The animals ate 
very little of the ration and died within a week. This was 
pi’obably not due to n-amino acids alone but to the presence 
of toxic products formed during the hydrolysis. There is no 
report of any rat growth studies employing only the natural 
forms of the amino acids. However, Brand and Bosshardt 
( ’48) have reported that mice fed a mixture of L-amino acids 
duplicating the composition of 3-lactoglobulin grew at the 
same rate as those receiving a corresponding amount of the 
native protein. When certain DL-amino acids were used in 
the mixture, the growth response was impaired. 

In these laboratories, Maddy and Elvehjem (’49) have fed 
a balanced mixture of 16 amino acids to mice and obtained a 
rate of growth closely approaching that obtained Avith casein. 
Their Avork also emphasizes the importance for optimum 
groAvth of adding some of the non-essential amino acids. 
Possibly an imbalance of the amino acids in the mixtures 
employed in these studies could account for their inferiority 
as a source of nitrogen for the growing* rat. Grau (’48) has 
presented evidence that the lysine requirement for the groAvtli 
of the chick is a direct function of the protein content of the 
I'ation. Work in this laboratory (Hankes et ah, ’48) on the 
niacin-tiyptophan relationship has shoAvn that slight in- 
creases in the concentrations of certain amino acids cause 
marked reduction in the groAvth rate of rats, again suggest- 
ing the importance of a proper balance of amino acids in 
I’ations AA'here the levels of certain dietary essentials are 
marginal. 

SUAIirART 

A study Avas made of the groAvth of Aveanling rats receu'ing 
I’ations containing mixtures of i^urified amino acids, acid 



ACIDS FOR EAT GROWTH 


193 


hydrolyzed casein and intact casein. Daily food consumption 
was recorded and data on the protein efficiency of the different 
rations are presented. 

The growth rate of young rats fed 20% acid hydrolyzed 
casein supplemented with 0.2% DL-tryptophan and 0.2% l- 
eystine was not significantly less than that of rats receiving 
an equivalent amount of intact casein, offering no support for 
the presumption that the rat requires a source of strepogenin 
under these conditions. 

Improved rations containing 18 amino acids to provide a 
nitrogen level of 2.5% gave average growth rates of 4.1 and 
4.4 gm per day under conditions of ad libitum and forced, 
paired feeding, respectively. These values represent 80 to 
90% of the growth rate of rats receiving ad libitum a ration 
containing casein at an isonitrogenous level. Evidence pre- 
sented indicates that the improved growth rate was the result 
of increasing the level of arginine hydrochloride to 0.75% and 
adding 2% n-glutamic acid and 1.8% l- tyrosine to a ration 
containing other “non-essential” amino acids and the mini- 
mum levels of the 10 essential amino acids. 

The probable reasons for the slight inferiority of the amino 
acid-containing rations to the casein-containing ration are 
discussed. 
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In a previous paper it was establislied tliat tbe baby pig 
on a 30% casein ration requires dietary choline, and the de- 
ficiency syndrome was described (Johnson and James, ’48a). 
The object of the experiments reported in this paper was to 
determine the dietary choline level esssential for optimum 
growth and for the physiological well-being of the pig. 

To determine the choline requirement it is necessary to con- 
sider the methionine (or other methyl donor), content of the 
diet. A choline deficiency was produced in the baby pig using 
a diet containing approximately 0.8% methionine, based on 
microbiological assays of casein (Henderson and Snell, ’48; 
Horn et ah, ’46; Stokes et ah, ’45) to 1.0% based on chemical 
assays (Block and Bolling, ’45). This suggests that in the 
baby pig the methylation of aminoethanol by the methyl 
gi-oups from methionine does not take place to any consider- 
able extent (compare with the chick as discussed by Jukes, ’41). 

EXPEBIXtENTAL 

Two-day-old Duroc- Jersey pigs from the University farm 
were used in this study. The technique of feeding and care 
of the animals has been described (Johnson, James and 
Krider, ’48b). The composition of the basal ration is given 
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in table 1. As in previous experiments, 2% sulfasuxidine * 
was included in tbe ration to inhibit intestinal synthesis. Two 
experiments were conducted; one using ad libitum feeding 
to establish the range of the requirement and the second using 

TABLE 1 


Composition of the hasal diet 




% 


Casein (Labco, 

vitamin-free) 

30.0 


Glucose (cerelose) 

37,4 


Mineral salts ^ 


6.0 


Lard 


26.6 


These materials were made up into a ^^milk^' containing 4% lard 

(liquid basis) 

and the following amounts of vitamins “ per liter : 


Vitamin A 

2000 I.U. 

Pyridoxine 

2.67 mg 

Vitamin Dj 

200 I.LL 

Ca-pantothenate 

8.00 mg 

Alpha-tocopherol acetate 

1.0 mg 

Inositol 

26.00 mg 

2-methyl-l,4-naplithoqiiinoue 

0.26 mg 

PABA 

2.67 mg 

Thiamine 

0.65 mg 

PGA 

0.052 mg 

Riboflavin 

1.33 mg 

Biotin 

0.01 mg 

Nicotinic acid 

2.67 mg 



Choline chloride was added 

as indicated in 

the text. Reticulogen was added 


at the rate of 0.25 inl/dav in test 2. 


^See Johnson et al., ’48b. 

^ Thiamine hydrochloride, riboflavin, pyridoxine hydrochloride, calcium panto- 
thenate, biotin, nicotinic acid and a-tocopherol acetate vrere supplied by Hoffmann- 
La Roche, Inc., Nutley, Kew Jersey, through the courtesy of Dr. J. C. Bauernfeind. 
Pteroylglutamic acid was supplied by the Lederle Laboratories Division, American 
Cyanamid Co., Pearl River, New York, through the courtesy of Dr. T. H. Jukes. 
Inositol was supplied by the A. E. Staley Manufacturing Co., Decatur, Illinois. 
Hyfla^dn (a highly water-soluble form of riboflavin) was supplied by Endo 
Products, Inc., Richmond Hill, New York. 

^Reticulogeu was supplied by Eli Lilly and Co., Indianapolis, Ind. 


paired feeding to eliminate any effects due to differences in 
food intake ■within the limits of this range. 

In the first experiment 4 groups of three pigs each were 
fed ad libitum tbe basal ration plus choline chloride at the 

‘ Sulfasuxidine was supplied by Sharp and Dohnie, Inc., Glenolden, Pa., through 
the courtesy of Dr. S. F. Scheidy. 
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following levels based on the dry matter of the ration : Group 
I — 0.0%, 11 — 0.05%, 111 — 0.10% and IV — 0.20%. The 
experiment was continued for 8 weeks. At its conclusion rep- 
resentative pigs from each group were sacrificed and micro- 
scopic sections were made of their livers, kidneys, nerves, and 
skeletal muscles. 

From the results of experiment 1 the dietary requirement 
for choline chloride appeared to be between 0.05% and 0.1%. 
Therefore, in the second experiment these two levels of choline 
were compared by pair feeding 6 pairs of pigs for 8 weeks, as 
in experiment 1. Eetieulogen, a liver extract material, Avas 
added to the basal ration in this experiment at the rate of 
0.25 ml daily to supply an essential growth factor or factors, 
as it had been found by the present authors in previous work 
that the basal diet Avas deficient in this respect (Neumann et 
ah, ’48). All 12 of the pigs in experiment 2 Avere sacrificed 
and microscopic sections made of their tissues as in experi- 
ment 1. In addition, ether extract determinations Avere made 
of the liA^ers. 


EESULTS 

The average groAvth curves of the groups of pigs from both 
experiments are plotted in chart 1. The rates of gain of the 
4 groups in experiment 1 are not significaAitly different, al- 
though the difference betAveen groups I and III is indicative 
of a groAvth effect (P = 0.08). HoAA'eA'er, this effect as shoAAm 
in experiment 2 and as reported preAUously (Johnson and 
James, ’48a) is probably due to an increased food intake. 
Similar findings haA’e been reported by Foa, Weinstein, and 
Kleppel ( ’48) for the rat. These Avorkers found no effect of 
a choline deficiency on the grOA\i;h of the rat Avhen food con- 
sumption Avas equalized. From the data in table 2 it is 
appareiAt that the 0.05% and 0.10% choline groups made in- 
creasingly more rapid gains on less diy matter consumed than 
the negative control group, although the “P” value betAveen 
the gains of the 0.0% and 0.1% choline groups is only 0.08% 
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Pictures of two representative pigs from eaeli of the first 
three groups in experiment 1 are given in plate 1. Pigs in 
figures 1 and 2 are from the “0.0% choline” group; those 
in 3 and 4 from the “0.05% choline” group; and the ani- 
mals in 5 and 6 from the “0.1% choline” group. The pigs in 
figures 1 to 4, and in particular 2 and 4, show the gross 

CHART 1 

Graph showing the average gro'vvth responses on the various levels of choline. 
Note aimilarity of the growth pattern, regardless of level fed or method of 
feeding used, i.e., freedom from a plateau in the growth curve even on the 
choline-free diet. 



symptoms of choline deficiency. They are unthrifty and have 
poor conformation, appearing short-legged and pot-hellied. 
These pigs lacked eooi’dination in their movements (as also 
reported by Ellis, IMadsen and Miller, ’43) and seemed to lack 
proper rigidity in the joints, iiarticularly in the shoulders 
(note also pigs 8 and 9, plate 1, Johnson and James, ’48a). 
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The microscopic sectious of nerve and skeletal muscle failed to 
show any differences between groups. 

The performance records of the baby pigs in experiment 
2 are given in table 3. The two groups showed no difference 
in rate or economy of gain. 

Three pairs of pigs from experiment 2 are pictured in plate 
2. Pigs in figures 7, 9, and 11 received 0.05% choline, while 
those in figures 8, 10 and 12 received 0.1%. The pigs on the 
higher level of choline were thriftier in appearance and had 
better haircoats than their pair mates on the lower level. 

The histological findings -with respect to the livers and 
kidneys of pigs from both experiments are illustrated in 


TABLE 2 

Response of dahy pigs fed various levels of choline ad lihitiim for 56 days 



nASAI* + 

BASAL 

BASAL 4- 

BASAL + 

msTs yEJ> 

0.00% 

0.05% 

0.10% 

0.20% 


CHOLINE 

CHOLINE 

CHOLINE 

CHOLINE 

No. of pigs fed 

3 

3 

3 

3 

Ave. initial weight (kg) 

1.67 

1.60 

1.55 

1.70 

Ave. final weight (kg) 

13.49 

15.27 

17.56 

15.36 

Ave. (Kg) 

8.07 

9.53 

11.69 . 

9.22 

Dry matter consumed (kg) /kg gain 

1.22 

1.11 

1.07 

1.18 


plates 3, 4 and 5. In plate 3, figures 13, 14 and 15 are photo- 
micrographs of sections of the livers of pigs in experiment 

1 receiving 0.0, 0.5 and 0.10% choline, respectively. Figures 
16 and 17 are liver sections from pair-fed pigs in experiment 

2 on 0.05 and 0.10% choline, respectively. Note that on the 
choline-free diet (fig. 13) the hepatic cells of the liver have 
become greatly distended with fat and the nuclei are pushed 
over to one side. The livers of the animals on the 0.05% 
level of choline contain slightly more fat globules than those 
from the pigs on the 0.10% level. In addition, there was a 
slight but significant difference in ether extract content of 
the livers. 
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Eeiial damage appeared more serious than the liver con- 
dition. The photomicrographs (plates 4 and 5) illustrate the 
degree of damage to the glomeruli and the tubular epithelium. 
On the 0.0% level all glomeruli sho^ra are occluded and ap- 
parently non-functional (fig. 18), as contrasted with the glom- 
eruli seen in figure 20 from a pig on the 0,1% choline level 
and in figure 21 from a pig on an adequate farm ration. 

The photomicrographs Avere made of the cortical region of 
the kidney in all eases, as damage in this area Avas more 
pi'onouneed. The kidneys of the pigs on the 0.05% choline 
level shoAv less damage than those on the 0.0% leAml but are 


TABLE 3 

Effect of 0.05 and 0.10% choline hi baby pig diets (equal feed intaVe for 66 days) 


DIETS FED 

basal diet + 

0.05 CHOLIXE 

BASAL DIET + 
0.10^ CHOLINE 

No. of pigs fed 

6 

6 

Ave. initial weight (kg) 

1.60 

1.59 

Ave. final •weight (kg) 

21.32 

21.79 

, final wt. .. 

initial wt. ^ 

13.32 

13.70 

Ave. liver weight (dry) (gm) 

146.72 

137.17 

Ave. ether extract in liver (%) 

5.80 

5.20 

Ave. liver ether extra et/kg body wt. 

1.34 

1,16 

Dry matter consumed (kg) /kg gain 

1.167 

1.140 


definitely abnormal. This is true in both the ad libitum feed- 
ing experiment (fig. 19) and in the paired feeding expei’i- 
ment (fig. 22), aaEIIc the kidneys of the pigs on the 0.10% 
level are normal (figs. 20 and 23). The photomicrographs in 
plate 5 illustrate at higher magnification the kidneys on both 
the ad libitum and the paired feeding experiments Avhen less 
than 0.10% choline AAms included in the diet. 

DISCUSSION 

An analysis of the data presented in this paper shows that 
the Amiy young pig requires choline even in the presence of 
a substantial amount of methionine. In this respect the inter- 
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relationship of choline and methionine in the hahy pig is 
similar to that in the chick rather than that in the rat. Jukes 
(’40) showed that methionine will not prevent the symptom 
of perosis seen in choline deficiency in the chick; that is, it 
will not methylate aminoethanol (Jukes, ’41) to form choline 
as it does in the rat (Du Vigneaud, Chandler, Cohn and Brown, 
’40). Decently McKittrick ( ’47) has reported that for optimum 
growth of 4-week-old chicks 0.5% methionine is required when 
optimum choline (0.55%) is included in the diet, and that 
0-10% choline is required when optimum methionine (0.75%) 
is included in the diet. The baby pigs in our experiments re- 
ceived approximately the same amount of methionine (0.8%) 
as that which allowed optimum growth with 0.1% choline in 
these chick experiments. Similarly the showed a definite 
choline requirement of the same magnitude (0.1%) as that 
which McKittrick reported for the chick. 

However, Treadwell (’48) has recently reported that in the 
young (50 gm) rat the requirement for methionine on a choline- 
free diet is 1.3 to 1.8%. While there is no cholme requirement 
at this level of methionine, when the diet contains only 0.8% 
methionine the young rat has a definite need for choline. With 
optimum choline the methionine requirement of the rat is 

0.5-0.6% (Womack and Rose, ’41). 

From these data it woud seem necessary to undertake 
further experiments involving still higher methioniue levels 
to determine whether the baby pig can synthesize all of its 
required choline in the presence of adequate methionine or 
whether there is an absolute dietary requirement for choline. 

sunriAEY 

1. On a “synthetic milk’’ ration containing approximately 
0.8% methionine (30% casein) the baby pig requires 0.1% 
choline in its diet. 

2. It appears that in the young pig, as in the chick, the 
ability of methionine to supply methyl groups for the 'syn- 
thesis of choline from aminoethanol may be limited. The 
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inetibionine requirement of the baby pig must be estabisbed 
before this can be determined. 

3. When the food intake is equalized choline does not have 
a growth stimulating effect. 

4. Choline deficiency in these baby pigs resulted in gross 
symptoms of unthriftiness, poor conformation (short-legged 
and pot-bellied), lack of coordination in movements and a 
characteristic lack of proper rigidity in the joints, particularly 
the shoulders. The pigs also showed tjTpical fatty infiltration 
of the livers and characteristic renal glomerular occlusion and 
some tubular epithelial necrosis. 

LITERATURE CITED 

Block, E. J., and D. Bolling 1945 The Amino Acid Composition of Proteins 
and Poods. Charles 0. Thomas, Springdeld, IE., p. 188- 
Bu ViGNEAUD, V., J. P, Chandler, M. Cohn and G. B. Brown 1940 The 
transfer of the methyl group from methionine to choline and creatine. 
J. Biol. Chem., 184: 787. 

Ellis, N. B., L. L. Madsen and C. O. Miller 1943 Pantothenic acid and py- 
ridosine as factors in the occurrence of locomotor incoordination in 
swine. J, Animal Sci., 2: 365. 

Pol, P. P,, H. P. Weinstein and B. Kleppel 1948 The lipids of the rat 
brain and liver in choline deficiency. Arch. Biochem., 19: 209. 
Henderson, L. M., and E. E. Snell 1948 A uniform medium for determina- 
tion of amino acids with various microorganisms. J. Biol. Chem., 17^: 
15. 

Horn, M. J., B. B. Jones and A. E. Bluac 1946 Microbiological determina- 
tion of methionine in proteins and foods. Ibid., 166: 321, 
Johnson, B. Connor, and Marian P. James 1948a Choline deficiency in the 
. baby pig. J. Nutrition, 36: 339. 

Johnson, B. Connor, Marian P. James and J. B. Krider 1948b Baising 
newborn pigs to weanling age on a synthetic diet, iNuth attempt to 
produce a pteroylglutamic acid deficiency. J. Animal Sci., 7 : 486. 
J TIKES, T, H. 1940 Effect of choline and other supplements on perosis. J- 
Nutrition, 20: 445. 

1941 The effect of certain organic compounds and other dietary 

supplements on perosis. Ibid., 22: 315. 

McKittrick, B. S. 1947 The interrelations of choline and methionine in growth 
and the action of betaine in replacing them. Arch, Biocliem., 15: 133. 
Neumann, A. L., J, L. Krider and B. Connor Johnson 1948 Unidentified 
growth factor (s) needed for optimum growth of newborn pigs. Proc. 
Soc. Exp. Biol, Med., 69: 513. 



CHOLINE REQUIREMENT OF PIG 


203 


Stokes, J. L., M, Gunness, I. M. Dwyer and M. C. Caswell 1945 Microbio- 
logical methods for the determination of amino acids. 11. A uniform 
assay for the ten essential amino acids, J. Biol. Chem,, 160 : 35. 

Tre*vdwell, C, R. 1948 Growth and lipotropLsm. II. The effects of dietary 
methionine, cystine, and choline in the young white rat. Ibid., 176 : 
1141. 

Womack, M., and W. C. Rose 1941 The partial replacement of dietary methi- 
onine by cystine for purposes of growth. Ibid., 141 : 375. 



PLATE 1 

LXPLAN VTIOK OF FIGURES 

Figiues 1 and 2 lepieseiit pigs on the 0 0% choline diet, A\heieas the pigs icj 
lesented b} figuies 3 and 4 ^^ele fed on 0.05% choline, and by figiues 5 and 6 o 
0 10% choline. These pigs 'weie in the ad libitum feeding test. 







PLATE 3 

EXPLANATION OF FIGURES 

The hgures on the left of the plate, viz,, 7, 9, and 11, are photographs of pigs 
on the 0.05% choline level, whereas those on the right are their pair mates which 
were fed 0.10% choline. These pigs are typical of the pair-fed test. 











PLATE 3 

EXPLANATION OP FIGURES 

Pliotomicrographs of liver sections of pigs at termination of experiment (8 
weeks). ^Magnification X 225. All sections were made by paraffin method and 
stained with Harris's hematoxylin and Orange G. 

13 Liver from pig on 0.0% level of choline (see fig. 2, plate 1). 

14 Liver from pig on 0.05% level of choline (see figs. 3 and 4, plate 1). Note 
small amount of fatty infiltration. 

15 Liver from pig on 0.10% level of choline (see figs. 5 and 0, plate 1). 
Note absence of abnormal fatty infiltration. 

16 Liver from pig on 0.05% level of choline from paired feeding test (see 
figs. 7y 9, and 11, plate 2). Note small amount of fatty infiltration. 

17 Liver from pig on 0.10% level of choline from paired feeding test (see 
figs. 8, 10 and 12, plate 2). 














PLATE 4 


ESPLA^TATION’ OP FIGUEES 

Photomicrographs of kidney sections of pigs at termination of experiment 
(8 weeks). Magnification X 75. All sections were made by paraffin method and 
stained with Harris's hematoxylin and Orange G. 

18 Kidney from pig on 0.0% level of choline. Kote extensive pathology of 
glomeruli and tubules. 

19 Kidney from pig on 0.05% level of choline. Kote some normal and some 
pathological glomeruli and tubules. 

20 Kidney from pig on 0.10% level of choline, Kote absence of pathological 
condition. 

21 Kidney from pig of same age fed on an adequate farm ration. Note sim- 
ilarity to figure 20. 

22 Kidney from pig on 0.05% level of choline from paired feeding test. Note 
same condition as found in figure 18. 

23 Kidney from pig on 0.10% level of choline from paired feeding test 
Note normal condition and similarity to figures 20 and 21. 



CHOLINE REQUIREMENT OF PIG 

SEUMaNN, KRIDER, JAMES AND JOHNSON 


PLATE 4 

























PLATE 5 

explanation of figures 

Photoniicrograplis of same kidney sections as shown in plate 4. Higher magni- 
fication X 225 has been used to show greater glomerular and tubular detail. 
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(Received for publication February 9^ 1949) 


During the past two years we have made measurements of 
the food value of some vegetable proteins in the infant. We 
felt this effort worthwhile for two reasons: (a) vegetable pro- 
tein diets might prove useful in feeding infants allergic to 
animal protein diets; and (b) extensive use of vegetable 
protein diets may soon be necessary if the gloomy predictions 
of the agronomists regarding the failure of future food pro- 
duction to keep pace with population growth are ultimately 
realized. Of course, the use of vegetable protein milks (soy- 
bean, millet and cornmeal) for infant feeding has long been 
practiced empirically in many lands. 

In this investigation, as in the previous animal tissue study 
from this laboratory ( Albanese and assoicates, ’48), we chose 
to use isolated protein fractions of wheat and corn supple- 
mented with appropiate amounts of lysine and tryptophan 
rather than the whole products, to avoid gross contamination 
of the diet by unknown constitutents or chemical structures. 
The nutritive characteristics of these diets are compared with 

'Tho work described in this report was supported by grants from the Bio- 
chemical Division of the luterchemical Corporation and the Offico of Xaval 
Research. 
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those of diets in which the protein component was supplied by 
whole casein, or a tryptophan- and cystine-reinforced acid 
hydrolysate of casein, or evaporated cow’s milk. 

Quite apart from the main purpose of this report, some 
pertinent observations are also related on the value of 
DL-tryptophan as a substitute for n-tryptophan in reinforc- 
ing' tryptophan-deficient diets. 

TABLE 1 


Composition of casein and zein diets 
(Daily ration per Icilogram of J)ody weight) 


DIETS 

CASEIN' 

ZEIX ^ 

CTH-2 


gm 

gm 

gm 

Protein 

3.5 

3.2 

0 

Acid hydrolyzed casein 

0 

0 

3.4' 

L'Lysine (Interchemieal) 

0 

0.2 

0 

DL-Tryptophan (Merck) 

0 

0.1 

0.1 

L-Cystine (Merck) 

0 

0 

0.4 

Crisco 

4.0 

4.0 

4.0 

Dextrimaltose (special)® 

12.0 

12.0 

12.0 

Vitamin B mixture * 

0.079 

0.079 

0.079 

Salt mixture® 

1.6 

1.6 

1.6 


' Kindly supplied to us by the Corn Products Refining Company as ATazein. 

* Protein = N X 6.25. 

® A vitamin>free preparation kindly supplied us by Dr. Warren AX. Cox, Jr., of 
Mead Johnson and Company. 

^ This mixture had the following composition, which was calculated to supply 
daily the same quantities as a quart of fresh cow’s milk (measured in mg): 
thiamine, 0.4 ; nicotinic acid, 0.9 ; pantothenic acid, 3.5 ; pyrodoxine, 0.7 ; inositol, 
180; p'aminobenzoic acid, 0.5; choline, 147; riboflavin, 170. 

^ The salt mixture employed had the follomng composition (measured in gm) : 
Peso, 0.9, NaCl 6, calcium gluconate 48, Ca(OH )2 12, KH.PO* 7, KCl 6, AfgO 
0 . 1 . 


EXPERIAIENTAL 

, Diets and procedures 

The composition of the diets employed in the first and sec- 
ond expex'iments is shown in tables 1 and 2, respectively. The 
level of dietai'y protein, i.e., 3.2 to 3.5 gm/kg- of body weight, 
was determined by an evaluation of the available data in the 
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literature (Albanese, ’47) and our own experience as an in- 
take required for optimum N retention. As in previous 
studies, these were given in 5 daily feedings and were supple- 
mented daily with 50 mg of ascorbic acid and 15 drops of 
oleum percomorphum. The composition and preparation of 
the diets shown in table 1 differed in several respects from 

TABLE 2 


Composition of corn and wheat gluten diets 
(All diets fed at the rate of 100 Cah and 3.5 gm of protein per 
of hody weight) 


IKGEEDIEXT 

DIET 

Corn gluten Wheat gluten 


% 

% 

Wheat gluten* 

0.00 

3.34 

Corn gluten* 

3.25 

0.00 

li-Tryptophan 

0.04 

0.00 

L-Lysine 

0.21 

0.16 

Brewers’ yeast 

1.00 

1.00 

Olive oil 

4.00 

4.00 

D extrimaltose no. 2 

9.60 

9.60 

Arrowroot starch 

2.30 

2.30 

Salt mixture* 

1.60 

1.60 

Water 

78.00 

78.00 

Estimated lysine content (mg/100 gm) 

240.00 

240.00 


^ Kindly supplied to us by the Bioebemical Division of the Interchemical Cor- 
poration as Product G. 

* Kindly supplied to us by the Corn Products Eefining Company as Product no. 
3323. 

* The salt mixture employed had the following composition (measured in gm) : 
Peso* 0.9, KaCl 6, calcium gluconate 48, Ca(OH )5 12, KHjPO* 7, KCl 6, MgO 0.1. 

those which we customarily employ for these bioassays. In- 
stead of brewers’ yeast a synthetic mixture of the commer- 
cially available B vitamins was used and the diet components 
were mixed with water to a cereal-like consistency and spoon- 
fed, in contrast to the milk-like consistency of our usual diets 
(table 2), which are bottle-fed. 

The diet periods were of 7 days’ duration and consecutive, 
hut collections of excreta were omitted on week-ends. The 
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subjects were partially immobilized by specially designed 
abdominal supports wbicb also held tbe urinary adapters in 
place. Daily 24-bour urine specimens were collected in bottles 
containing 10 ml of 15% (by volume) HCl and 1 ml of 10% 
alcoholic thymol. The feces were collected in 19 cm porcelain 
evaporating dishes which Avere held in place by a properly 
shaped excavation in the mattress, and the daily stools Avere 

TABLE 3 


Comparison of hiological value of zein, casein and acid hydrolyzed casein formulae 
in the normal male infant 

(All results given as daily averages of 7 -day periods) 


SUBJECT 

DIET 

TOTAL N 
IJTPUT 

DAILY BODY 
WEIGHT 
CHANGE 

NITROGEN 

RETENTION 

TOTAL 

PLASHA 

PROTEIN 

daily 
yecal n 



am 

gm 

mg/kp 

gm % 

gm 


Casein 

3.54 

+ 12 

174 

6.90 

0.14 


Zein 

3.54 

— 7 

45 

7.65 

1.97 

S.A. 

Zein 

3.54 

+ 5 

— 19 

5.70 

2.21 

7 months 

Casein 

3.54 

+ 12 

194 

5.99 

0.17 

6,230 gm 

Casein 

3.72 

-M2 

173 

5.92 

0.21 


CTH-2 

4.12 

— 8 

144 

6.41 

0.21 


CTH-2 

4.12 

— 28 

137 

6.90 

0.16 


Casein 

3.90 

+ 24 

178 

7.38 

0.15 


Zein 

3.90 

+ 23 

80 

7.81 

1.45 

G.O. 

Zein 

3.90 

— 17 

56 

6.13 

1.35 

6 months 

Casein 

3.90 

+ 23 

132 

5.53 

0.33 

6,965 gm 

Casein 

3.90 

+ 17 

136 

4.25 

0.20 


CTH-2 

4.25 

+ 17 

58 

7.12 

0.27 


CTH-2 

4.25 

+ 10 

64 

7.16 

0.23 


accumulated under refi'igeration for each period in Avide- 
mouth jars containing 200 ml of 70% alcohol. The subjects 
were Aveighed daily during the course of the experiment. 

The data on nitrogen retention were calculated from the 
results of nitrogen determinations on the 24-hour urine 
collections, analyses of the pooled feces from each period, 
and computations of the daily N intake based on food con- 
sumption records and the determined N content of the diets. 
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Blood samples were collected over lithinm oxalate by vena 
puncture on the last day of each diet period. The hemoglobin 
concentration of these specimens was determined eolori- 
metrically in the Klett-Summerson photoelectric colorimeter. 
The total plasma proteins, albumin, globulin and non-protein 
N were determined by the procedure described by some of 
the present authors (Albanese, Irby and Saur, ’46), 

EESXJLTS AND DISCUSSION 
First experiment 

The most striking feature of this study is the finding with 
respect to the very poor biological value of the supplemented 
zein diet (table 3). The nutritional inadequacy of zein for the 
rat has been known since the work of Osborne and Mendel 
(Mendel, ’15), but they found that the deficiencies could be 
corrected by the addition of tryptophan and lysine to the diet. 
The increase in fecal N output (some 50% or more of the in- 
take) observed during the zein diet period indicates that this 
apparent species difference can be ascribed primarily to poor 
assimilation of zein by the infant. Isolation experiments dis- 
closed that the extra fecal N occurring in the stools collected 
during this diet period was in the form of whole zein, which 
could be readily isolated from the stools. In vitro experiments 
disclosed that in 6 hours commercial digestive enzymes, pan- 
creatin and trypsin derived from hog tissues, hydrolyzed 
zein to about one-third the amino N level attained with casein 
under comparable conditions. From these evidences it appears 
that the poor nutritional quality of zein in the infant is to be 
attributed primarily to its poor digestibility. It should be 
emphasized, however, that the poor digestibility of the com- 
mercial zein must have been caused by the processing to 
which it was submitted. It is not a characteristic property of 
native zein. 

Turning our attention to the other diet periods of this ex- 
periment, we observe that the N-retention and weight change 
values attained on the whole casein diet fall well within the 
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ranges previously found for the enzymatic digests of casein, 
lactalbumin, beef muscle and evaporated milk diets (Albanese 
and co-workers, ^47). These were attained, it should be noted, 
in the absence of a cystine supplement. Indeed, the nutritional 
value of this diet was superior to that of the CTH-2 which 
was supplemented with L-cystine. 

The poor nutritional quality manifested by the CTH-2 diet 
employed in this experiment is to be contrasted with that of 
the CTH diet tested in the earlier study. These diets differed 
in several respects; (a) in the present diet (CTH-2) a mix- 
ture of the synthetic B vitamins was substituted for the 
brewers^ yeast of the CTH diet; (b) as noted above, the diets 
had a different physical consistency; and (c) the shortage of 
L-tryptophan forced us to use DL-tryptophan (in double quan- 
tity) in the preparation of diet CTH-2. Inasmuch as the sub- 
jects performed well on the casein diet, it is fair to assume 
that the poor quality of diet CTH-2 could not be attributed 
to a B vitamin deficiency or to poor assimilation because of 
its consistency. It remains, therefore, to question the use of 
DL-ti'yptophan as a physiological substitute for L-tryptophan. 
Evidence suggesting that this substitution may have unto- 
ward nutritional effects can be derived from the atypical 
brilliant red coloration obtained with the application of the 
Albanese-Frankston procedure (’45) for the determination 
of urinary tryptophan to the urine collected during* the zein 
and CTH diet periods. This anomaly subsided almost im- 
mediately with the feeding of the casein or evaporated millc 
diets. Concomitantly, abnormally high values were obtained 
with the Shaw-McParlane method (Bez’g and Eohse, ’47) 
■which were not apparently due to the excretion of D-trypto- 
phan. The urinary tryptophan values as obtained by the 
microbiological procedure (G-reene and Black, ’44) were 
totally unaffected by the dietary changes. Oddly enough, nega- 
tive tests were obtained mth the urines of the zein and CTH 
period for the aberrant metabolite which we reported to be 
excreted by adults after the administration of uL-tryptophan 
(Albanese and Prankston, ’44). This may be due to a differ- 
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ence in the relative amounts of tryptophan given, or to some 
differences in metabolic response between the adult and in- 
fant. It is obvious that further and more detailed studies are 
required for a complete evaluation of the utilization of 
D-tryptophan by man. 


TABLE 4 


Comjyarison of biological value of evaporated millc and corn gluten formulae 
ill the normal male infant 

(All results given as daily averages of 7'-day periods) 


SUBJECT 

DIET 

TOTAE K 
INPUT 

DAILY BODY 
IVEIGHT 
CHANGE 

NITROGEN 

RETENTION 

TOTAL 

PLASJtA 

PROTEIN 

DAILY 
FECAL N 



am 

gm 

mg/kg 

gm % 

gm 


EM 

3.31 

+ 17 

140 

6.70 

0.60 

T.B. 

CG 

3.65 

— 59 

135 

7.43 

0.55 

4.5 months 

CG 

3,ea 

— 34 

26.5 

6.80 

1.47 ‘ 

6,370 gm 

CG 

3.53 

— 5 

65.5 

7.50 

0.51 


EM 

3.45 

-h 23 

129 

6.26 

0.46 


EM 

3.88 

+ 23 

139 

7.20 

0.34 


CG 

3.23 

0 

98 

7.00 

0.38 

A.jr. 

CG 

3.81 

— 66 

100 

7.65 

0.24 

6.0 months 

CG 

3.88 

+ 3 

48 

7.68 

0.72 

6,837 gm 

CG 

3.90 

+ 23 

81 

7.00 

0.43 


EM 

3.50 

+ 17 

121 

7.11 

0.57 


EM 

4.00 

+ 23 

133 

6.10 

0.61 

C.Lr.Y. 

CG 

3.98 

— 27 

116 

6.53 

0.53 

6.3 months 

CG 

4.11 

+ 15 

60 

6.10 

0.53 

7,107 gm 

CG 

4.17 

+ 12 

73 

6.62 

0.73 


EM 

3.93 

+ 12 

132 

6.10 

0.52 


' This high fecal K was caused by a diarrhea of cryptic origin. 


Second experiment 

Returning to the principal theme of this report, a nutri- 
tional evaluation of corn and wheat proteins, we next con- 
sidered the possibility that the inferior biological value of 
the reinforced zein diet might be due to chemical chano'es 
induced in the zein during manufacture. It occurred to us 
therefore, to assay corn gluten, a product which is subjected 
to less vigorous chemical treatment than zein. On the basis 
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of the experience already discussed, n-tryptophan instead of 
the racemate was used to correct the tryptophan deficiency of 
the protein. The results of this study, which are shorvn in 
table 4r, disclose that this product, like zein, exhibited poor 
nutritional qualities. However, examination of the fecal N 
data discloses that this charactei’istic cannot be ascribed, as 
in the ease of zein, entirely to poor digestibility. In the light 
of recent observations one is tempted to suggest that it may 
be due to an amino acid imbalance, a subject which has been 

TABLE 5 

Comparisoiv of biological value of lysine- fortified gluten (WG) and evaporated 
7nillc (JSM) formulae in the normal male infant 
• (All results given as daily averages of 7-day periods) 


ST7BJECT 

DIET 

TOTAL K 
INPUT 

DAILY BODY 
WEIGHT 
CHANGE 

NITROGEN 

RETENTION 

total 

PLASMA 

PROTEIN 

DAILY 
fecal N 

D.J. 

EM 

2.81 

gm 

-f 28 

mg/lg 

200 

gm f/o 

6 63 

gm 

0.40 

EM 

2.75 

+ 28 

182 

5.81 

1.35 

3 months 

WG 

2.74 

+ 19 

188 

5.65 

0.36 

4,064 gm 

WG 

2.94 

+ 24 

188 

6.21 

0.34 

J.A. 

4 mouths 

EM 

2.45 

-f 37 

162 

6.63 

0.40 

EM 

2.53 

28 

165 

5.81 

0.47 

WG 

2.56 

-f 22 

179 

5.65 

0.42 

3,369 gni 

WG 

2.67 

-f 26 

190 

6.21 

0.42, 

S.M. 

EM 

2.46 

-f 34 

215 

6.42 

0.32 

EM 

2.49 

-f 23 

222 

5.96 

0.29 

3 months 

WG 

2.35 

-f 25 

196 

6.21 

0.31 

3,230 gm 

WG 

2.45 

+ 28 

195 

6.18 

0.57 


recently reviewed by Elvelijem and Krehl (’47). A compari- 
son of the amino acid composition of corn gluten and casein 
shows the principal difference to lie in the high leucine con- 
tent of corn gluten (corn gluten 25%, casein 12%, Block and 
Bolling, ’45). 

Although this hypothesis is founded on surmise, support- 
ing evidence can be adduced from the results of the bioassay 
of the lysine-reinforced wheat gluten diet, which show that 
diet WG (containing 12% leucine) supports nutritional 
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states in tlie infant comparable to those supported by the 
evaporated milk diet. Doubtlessly, numerous other factors 
may be responsible for the nutritional differences between 
the corn and wheat gluten diets, but the disparity in leucine 
content of the two products is an obvious variant. Because 
of the relative abundance and low cost of corn gluten, it would 
seem economically worthwhile to explore means of remedying 
its nutritional defects so that more complete utilization could 
be realized. 


SUMWARY 

It has been found that the nitrogen retention and weight 
gain of infants maintained on a synthetic diet in which trypto- 
phan- and lysine-supplemented commercial zein constituted 
the principal source of nitrogen were inferior, by reason of 
the poor digestibility of the zein, to those obtained on a 
casein diet fed at the same fluid, caloric distribution and 
nitrogen levels. A diet in which tryptophan- and lysine-rein- 
forced corn gluten provided the major source of protein also 
proved to be nutritionally inadequate for the infant. In con- 
trast, a lysine-enriched wheat gluten diet supported a nutx’i- 
tional state in the infant comparable to that afforded by an 
evaporated milk formula. Evidence, albeit inconclusive, is 
presented which suggests that the inclusion of D-tryptophan 
in the diet may have an untoward nutritional effect. 
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Earlier experiments established that when live bakers’ 
yeast is ingested by human subjects, not only the yeast thi- 
amine but also food thiamine simultaneously consumed fails 
to be returned in the urine in normal amoimts, presumably 
through failure of absorption (Parsons et al., ’45). Reports 
by Bird et al, (’46) and Mims et al. (’47) of an inhibitor of 
the action of the vitamin Be conjugase in crude yeast extracts 
suggested experiments to determine whether there might be 
a similar enzyme inhibitor in yeast which interferes with the 
availability of the thiamine from food in the diet and from 
fresh yeast, a variable part of which is in the combined form. 
This possibility appeared at first to be excluded, as it had 
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This work was supported in part by the Research Committee of the Graduate 
School from funds supplied by the Wisconsin Alumni Research Foundation, and 
in part by a commercial grant from the Jos. Schlitz Brewing Company of 
Milwaukee. 

* Present address: Nutrition Division, Department of Health, New York, N. Y. 

* Present address: American Meat Institute Foundation, Chicago, Illinois. 



226 M. GAEBEE, M. M. MAEQTJETTE AND H. T. PAESONS 

already been shown (Hochberg et ah, ’45) that thiamine in- 
gested in a certain sample of bakers’ yeast in which 83% was 
in the free form was only 17% available to human subjects, 
and hence the unavailability does not depend necessarily on 
the occurrence of the thiamine in a combined form when in- 
gested. However, inasmuch as yeast cells can be influenced 
to alter the form of their contained thiamine, as for example 
when certain conditions of drying induce a shift of some of 
the combined yeast thiamine into the free form (Melnick and 
Field, ’39), one could not rule out arbitrarily the possibility 
that contact with digestive juices and other conditions in the 
intestinal tract might in some way induce the live yeast cell 
to convert its free thiamine to a form in which its release for 
absorption might be blocked by a yeast inhibitor. 

Such an inhibitor then could conceivably account for the 
low availability of the thiamine, not only in the yeast of Hoeh- 
berg et al. ( ’45) but also in the basal diet of Kingsley and 
Parsons (’47) in the presence of live yeast. In the latter case 
it would be assumed that only combined thiamine in the diet 
was being interfered with, and a mode of its encountering the 
hypothetical inhibitor in yeast could be postulated. Hence, in 
the present experiment, it was planned that so large a pro- 
portion of the thiamine intake accompanying the fresh yeast 
supplement should be in the free form that any interference 
with its absorption, if this were clearly shown, would require 
a modification of the hypothesis of an inhibtor stated above. 
Assays for riboflavin and nitrogen were planned in order to 
extend the basis for interpreting the nature of the influence 
of fresh yeast in the diet. 

EXPERIMENTAL 

« The method of study was similar to that reported by Price 
et al. ( ’47), i.e., a basal diet ■* containing about 0.63 mg of thi- 
amine and 3.7 to 4.2 mg of liboflavin per day (detennined by 
weekly assay for thiamine by the thiachrome method of Hen- 

^We are indebted to the Pineapple Research Institute of Hawaii for the ^ft 
of the spedallj packed crushed pineapple. 
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nessy, ’47, and for riboflavin by the fluorometric method of 
Conner and Straub, ’41) was ingested by normal college 
women over a 4-day pei'iod. The single test-day was preceded 
and followed by periods on the basal diet alone. As this short 
human bioassay was not suitable for determining nitrogen 
balances, the study of the availability of the protein of fresh 
yeast F was carried out with a diet squad maintained on dif- 
ferent intakes for periods of three to 10 days (Ness et al, 
’46). Nitrogen was determined by macro-Kjeldabl assay. 

Supplements included 5 mg of thiamine hydrochloride, 3 mg 
of riboflavin, 100 or 150 gm of a regular fresh live yeast pre- 
pared for the use of bakers (yeast F) and containing 4 to 7 
fjg of thiamine and 14 pg of riboflavin per gram (moist 
basis), and a preparation of non- viable yeast P. The yeast 
was killed by suspension in 70% ethanol for 48 hours and 
subsequent reduction to dryness before a fan in a dai’kened 
room. The viability of this alcohol-dried yeast was deter- 
mined by plating various dilutions of the yeast suspension on 
a nutrient medium, and was found to be negligible. 

The criterion of availability of thiamine and riboflavin from 
the yeast and from the supplements of pure vitamins used in 
this study was their urinary I’eturn as compared Avith that 
from positive control doses of 5 mg thiamine hydrochloride 
and 3 mg riboflavin given with the basal diet above but Avith- 
out the presence of yeast. 


RESULTS 

Besults on thiamine 

When free thiamine Avas given as the sole test dose with the 
regular meals, the urinary return aa^s 22.4%. Wlien free thi- 
amine and fresh yeast Avere ingested together with meals, the 
urinary thiamine excretion Avas decreased to an average of 
0.2% of the test dose (table 1). Taa’o subjects of the 5 shoAved 
a decrease in urinary thiamine output beloAA' that on the basal 
diet alone. It can be concluded, then, that not only combined 
food thiamine is interfered Avith by fresh yeast ingestion, but 
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^Foimula and motliod explained by Kingsley and Parsons (^47). When fresh yeast Avas included Avitli the pure vitamin 
sui)plcmcnts, the total dose of thiamine Avas 5.4 mg and of riboflavin 4.4 mg. 

^ Lag day not carried out. 
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that viable yeast similarly affects the availability of thiamine 
hydrochloride ingested in pure solution. 

It was desired to determine more cleai’ly the effect of fresh 
yeast on the pure vitamin alone, without the presence of food. 
Hence, the supplements were given without the accompani- 
ment of food and as far removed from meals as was con- 
venient for the administration of doses in the laboratory. All 
subjects ingested 100 gm of yeast per test-day, divided in the 
following manner : 15 gm of yeast with each meal, and 55 gm 
of yeast plus 5 mg thiamine hydrochloride and 3 mg riboflavin 
in one dose between meals. 

Urinary thiamine returns after the ingestion of free thi- 
amine, plus that combined in fresh yeast taken in three doses 
with meals, averaged 0.2%. The average thiamine return from 
this same intake of the pure vitamin when ingested at one 
time, between meals with the fresh yeast, was 5.7% for 8 
subjects, with a range of from 2.1% to 9.3%. This difference 
may be due not so much to the timing of the vitamin doses as 
to the allocation of too large a proportion of the yeast dose 
to the between-meal feeding of the pure vitamin, leaving too 
small an amount (15 gm) to accompany the meals and thus 
perhaps permitting more of the food thiamine to be absorbed 
by the digestive tract in the latter plan of feeding than in the 
former. In either case the simultaneous ingestion of fresh 
yeast with the thiamine supplement caused an unmistakable 
and striking depression of the urinary return below the level 
expected from ingestion of the vitamin alone. 

It seemed desirable to test specifically the effects of the two 
methods of distribution of doses of the vitamins themselves 
mthout the accompaniment of yeast. The urinary returns of 
pure thiamine hydrochloride ingested as a single dose be- 
tween meals averaged only 11.5% for 6 subjects (table 1), as 
compared with an average return of 22.4% for the same sub- 
jects ingesting the vitamin supplement with meals. Repeat- 
ing this test with available thiamine in the form of dead dried 
yeast, distributed in the two ways, the average return for 
between-meal ingestion of the dose was only 13%, in contrast 



230 SI, GABBER, SI. SI. SIAKQUETTE ASTD H, T. PARSON'S 

to an average of 25.3% •when the supplement was taken with 
the meals, thus closely conforming to the results obtained 
with the pure vitamin, 

Melnick et al. ( ’39) observed a similar order of difference 
in urinary excretion of thiamine; the difference was greater 
when the positive control dose was taken with the heaviest 
meal of the day than when the subjects were in a post-absorp- 
tive and fasting state , . 12 hours after the last meal and 
3 hours prior to breakfast.” The same workers (’41) sug- 
gested that this trend of decreased urinary excretion follow- 
ing a test dose of thiamine hydrochloride may be due to one 
or both of two factors : the first postulation was that thiamine 
destruction is due to its instability in a relatively more alka- 
line bile and pancreatic juice in the post-absoi’ptive state, 
when gastric secretion is at a minimum. Investigating the fate 
of thiamine in vitro in various digestive secretions, they 
found appreciable destruction I’anging from 50% to 90% at 
pH 8.0 to 8.5 in the presence of bile or pancreatic juice. The 
second postulation was the possible absorption of the vitamin 
from the stomach during a relatively longer retention in that 
organ when the presence of food prolonged the emptying time. 

The same contrast between returns of urinary thiamine 
which Melnick et al. (’39) demonstrated when thiamine was 
fed with the meal and 12 hours latei*, respectively, was almost' 
exactly duplicated in the present experiments, when the in- 
terval after the meal was only two to two and one-half hours. 
Hence, the hypothesis of Melnick and his associates that this 
contrast is necessarily attributable to differences in the 
effects of a full stomach versus an empty, alkaline stomach is 
sho-wu not to be tenable. 

Results on riboflavin 

Urinary riboflavin excretions following a 3 mg positive 
control dose of pure riboflavin taken ■with meals ranged from 
31% to 77% for 13 subject-periods, averaging 54%, When 
fresh yeast containing 1.4 mg riboflavin per 100 gm dose 



VAEYING EFFECTS OF LIVE YEAST 


231 


was ingested with the 3 mg riboflavin at meals, 5 subjects had 
an average return of 41% of the total dose, with a range of 
34% to 55% (table 1). The availability of riboflavin from 100 
or 150 gm supplements of the fresh yeast alone had been as- 
certained with 8 subjects; there was an average return of 
only 16% of the riboflavin content of the yeast, thus confirm- 
ing earlier observations by Price et ah (’47). Fresh yeast 
contributed 1.4 mg or approximately one-third of the ribo- 
flavin of the total test dose when it was taken together with 
3 mg pure riboflavin. Hence, considering the relative unavail- 
ability of riboflavin from fresh yeast and the range of in- 
dividual variations in response to the positive control doses, 
it does not appear that live yeast interfered with the ab- 
sorption of pure riboflavin when taken with meals. 

In studies of supplements ingested betAveen meals, 32% 
to 77% of the riboflavin from a 3 mg positive control dose 
was excreted in 17 subject-periods; the average was 57%. 
Six subjects were given the 3 mg pure riboflavin plus fresh 
yeast between meals. Eetuims ranged from 35% to 53%, 
averaging 46%. Therefore, contrary to results with thiamine, 
there was no striking difference in riboflavin returns whether 
the doses were taken with meals or between meals. Similar 
results were^ obtained when dead dried yeast, shown previ- 
ously by Price, Marquette and Parsons (’47) to contain 
available riboflavin, was the supplement together Avith the 
pure riboflavin. The average return from between-meal in- 
gestion of the dose Avas 52% for 10 subjects, and 53% Avhen 
taken Avith meals by three subjects. 

Eesults on nitrogen 

Evidence is pz’esented in table 2 that the protein of the 
fresh yeast cell is wmll absorbed by the human digestiAm tract. 
After a fl-day period on the basal diet alone, supplementation 
Avith 150 g-m of fresh yeast P in a 6- or 10-day period for 6 
subjects led to an average recovery in the urine of 80% of the 
3.72 gm of nitrogen furnished by the yeast. This may be 
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‘The basal diet contained 11.2 gm nitrogen; the 150 gm yeast F, 3.72 gm nitrogen. 

* The two diet squads comprised three subjects each ; fecal values are available for one squad only. 



‘The basal diet contained 11.2 gm nitrogen j the 150 gm yeast F, 3,72 gm nitrogen. 

• The two diet squads comprised three subjects each ; fecal values arc available for one squad only. 
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the present experiment, in which it has been sho^vn that pure 
thiamine hydrochloride is influenced in the digestive tract in 
the same manner as is food thiamine. It would appear to be 
more reasonable to postulate that the phenomenon involves 
an uptake of food thiamine by the live yeast cells analogous 
to the thiamine uptake from wort in the making of beer. 
Riboflavin is known not to be taken up appreciably by yeast 
from surrounding media such as wort, which would be in 
harmony 'with the observation that only the riboflavin of the 
live yeast cell, not that of the food or in pure form in the 
presence of live yeast, is relatively unavailable to the human 
digestive tract. 

On the other hand, this hypothesis without further elabora- 
tion does not account for the strikingly higher utilization of 
nitrogen than of thiamine or of I’iboflavin from the fresh 
yeast cell. The true explanation is probably a more compli- 
cated one than either of the above hypotheses suggests and 
clarification must await further obseiwations. 

SUMMARY 

A higher percentage of a dose of thiamine hydrochloride 
was returned in the urine of human subjects when the supple- 
ment was ingested with meals rather than between meals. 
The urinary return of riboflavin was not similarly influenced. 

Pure thiamine hydrochloride mgested with fresh bakers’ 
yeast failed to be returned in the urine, presumably thi’ough 
almost complete failure of absorption by the digestive tract. 
This was the same effect as that observed previously in 
respect to food thiamine ingested with live yeast. Hence, the 
“interference” by fresh yeast is not attributable per se to 
the effect of an anti-enzyme in the digestive tract. 

In the same experiment live yeast interfered less mth 
riboflavin than with thiamine in that only the ribofla-vin of 
the live yeast cell, not that in the food or in pure form, 
appeared to be withheld from absorption ; nitrogen was least 
affected, inasmuch as an average of 80% of the nitrogen of 
the yeast cell itself was returned in the urine. That these 
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differences in excretion were actually due to differences in 
absorption tended to be borne out by fecal assays. 

These observations make necessary some further elabora- 
tion of the hypothesis that food thiamine is interfered with 
by live yeast because of competition between the absorbing 
membranes of the live yeast cell and of the digestive tract, 
with a resulting retention of the absorbed thiamine within 
the yeast cell. 
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ONE FIGURE 

(Received for publication December 17, 1948) 

The thiamine content of the egg of the domestic fowl, as 
determined hy the macro fermentation method, has been re- 
ported by this laboratory to remain essentially nnchanged 
during incubation (Scrimshaw et ah, ’44). Before this work 
was completed, Westenbrink and Van Leer (’41) reported 
that most of the thiamine originally present in the egg fails to 
appear in the embryo. Their procedure differed from ours 
since they followed separately the drop of thiamine in the 
yolk and its increase in the developing embryo. Little is 
knoivn of the role of thiamine in embryonic development, and 
the question of its utilization in the morphogenesis and 
maintenance of the chick embryo is of considerable interest. 
Therefore, it seemed necessary to investigate this apparent 
disagreement concerning the fate of the thiamine originally 
present in the egg. Accordingly, the procedure of Westen- 
brink and Van Leer of studying separately the thiamine in 
the embryo and in the extra-embryonic portion of the egg was 
followed in the present study. 

The results of IVestenbrink and Van Leer were not con- 
firmed, although a small but significant loss of thiamine in 

‘ -Vidcd by a grant from Swift and Co., Chicago, Illinois. 
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the whole egg* during development has now been demon- 
strated by using a larger number of eggs per sample and 
improved methods of preparation. This was obscured in the 
earlier investigation by the greater variation in the values 
and the failure to correct for the small total weight loss which 
occurs during incubation. This small drop in the total thi- 
amine content is believed to represent the thiamine required 
for metabolic processes during development. However, in 
general, the assays carried out on these materials by the 
macro fermentation method and described below confirm the 
results previously published from this laboratory. Various 
bases for the above discrepancy are explored and a partial 
explanation is suggested. 

ilATBEIAL AND METHODS 

Ten eggs - of each series were selected at random and as- 
sayed as a single sample to determine a base-line thiamine 
value for the incubated group. The remainder were placed 
immediately in a standard electric incubator with fan and 
kept at temperatures of 38° to 41 °C. and a humidity of ap- 
proximately 40%. The eggs were turned twice a day. 

Ten eggs were removed at the intervals listed and made up 
as a single sample. The eggs were weighed and then broken. 
The contents were then either weighed as a whole or sepa- 
rated so that the embryo and the remainder eonld be recorded 
separately. The “remainder” ordinarily consisted of all of 
the egg contents except the embryo and therefore included the 
yolk, allantois, amnion, and so forth. In a few specified cases, 
the eggs were divided into embryo, yolk, and remainder. 
These samples were then mixed in a Waring Blendor and 
diluted to a convenient volume. In the case of larger samples, 
an aliquot was weighed into a volumetric flask and diluted. 
All samples were then brought to a pH of 4.00 or below by 
the addition of HCl and stored in a cold room at about 5°C. 

*The eggs were supplied from White Leghorn hens by Boger^s Farms, a nearby 
commercial poultry farm and hatchery. 
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Samples thus prepared could be stored for several weeks with- 
out change in their thiamine activity. 

All assays were carried out by the modified macro fermen- 
tation method (Scrimshaw and Stewart, ’44). Duplicate runs 
were made whenever the quantity of sample permitted. Many 
values were checked by two separate cleavages and prepara- 
tions of a sample and two runs in duplicate. Most samples 
were assayed at approximately the 2[jg level. All samples 
were heated for 45 min. in a boiling water bath in preparing 
them for assay, but no special digestion procedure was used. 
Autolysis at room temperature did not appear to change the 
thiamine content of acidified samples. 


TABLE 1 

Thiamine content of 'base-line samples of the series studied 


SERIES 

DATE , 

IN 

SAMPLE 

MEAN 

SHELL 

WT. 

MEAN 

CONTENT 

WT. 

Bx/ 

EGO 

Bx/ 

100 OM 




gm 

gm 

gg 

gg 

y 

10/12/44 

10 

6.7 

o0.3 

48.3 

96 

VI 

10/27/44 

10 

6.5 

42.6 

42.6 

100 

VII 

1/4/45 

20 

6.7 

47.6 

44,3 

93 

VIII 

1/29/45 

10 

7.4 

51.8 

37.3 

72 

IX 

2/8/45 

10 

8.3 

50.7 

40.6 

80 

X 

3/10/45 

10 

6.6 

48.5 

48.5 

100 

XI 

4/12/45 

10 

7.3 

50 6 

50 6 

100 


EXPERIMENTAL RESULTS 

Nine large lots of eggs were incubated during the fall of 
1944 and the spring of 1945. The dates on which incubation 
was begun along with data on the base-line samples are 
shown in table 1. There is some suggestion that the lower 
values for series VII and VUE were associated with unusu- 
ally severe winter weather at that time. The values obtained 
for the embryo and egg contents of the various samples are 
listed in table 2. When the egg and embryo thiamine values 
for all series are adjusted to an arbitrary base-line value of 

100 Mg per 100 gm of whole egg, they can be presented 
together. 
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The average thiamine content data are sho'wii in table 2, 
but the sharp increase in thiamine content of the embryo and 
the relatively small loss of total thiamine in the egg are best 
shown in fignire 1, where the individual sample values are 
plotted. Although the error in assay of late stages is rela- 
tively high, there is still evidence for a slight drop in thiamine 
content. This was obscured in the earlier study by factors 
indicated above. The curve for the increasing thiamine con- 

TABLE 2 

The thiamine concentration and total thiamine content of the developing enibryo 


AGB 

IN 

DAYS 


EMBRYO 



REMAINDER OP EGG 


Concentration 

Content 

Concentration 

Content 

Actual 

Cor- 

reeled 

Actual 

Cor- 

rected 

Actual 

Cor- 

rected 

Actual 

Cor- 

rected 


ng/ ffm 

tiff 

ffff/ffm 

tiff 

0 





92^ 

100 ^ 

44.8" 

50.0" 

6 

45 

46 

0.38 

0.40 

108 

108 

50.0 

48.7 

10 

47 

48 

1.45 

1.31 

101 

102 

52.0 

48.4 

12 

58 

58 

3.8 

3.5 

120 

120 

47.9 

44.8 

13 

49 

50 

4.8 

5.0 

75 

77 

28.5 

29.7 

15 

75 

75 

10.3 

9.6 

97 

97 

31.3 

29.3 

16 

58 

58 

10.6 

10.6 





18 

90 

113 

20.6 

19.8 

91 

114 

33.3 

32.0 

19 

76 

85 

30.3 

29.5 

64 

64 

10.4 

9.7 

20 





53 

66 

10.2 

9.8 

I'day 









chick 

109 


39.1 


23 


0.5 



* Average 7 series. 


tent of the embryo shows clearly that the bulk of the thiamine 
in the egg is not incorporated into the embryo until relatively 
late in the latter’s development. 

The tabulation of the total thiamine content of embryonic 
tissues reflects primarily the relative organ masses. The con- 
centration of thiamine per gram in the various organs is a 
better indication of the importance of thiamine in their 
metabolism. In table 2 the rising thiamine concentration of 
the embryo is portrayed, along mth the changes in thiamine 
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concentratioH of tlie remainder of the egg. Due to its minute 
size, we did not attempt to assay the embryo before the 6th 
day of incubation. The thiamine concentration appears to rise 
in a regular fashion in the embi’yo. It will be noted that the 
highest concentration of thiamine is found in the one-day-old 
chicks. On the other hand, there is no important change in the 
concentration of thiamine in the remainder of the egg until 
relatively late in development. The value for the remainder 



Fig, 1 The thiamine content of the ivhole egg and embryo during incubation. 
The small solid circles represent the content of the embryo at the various stages 
indicated. The large circles indicate tho total thiamine content of the egg. The 
broken large circles represent values obtained by analysis of the entire egg 
contents. The clear large circles show the sum of the thiamine content of the 
embryo and non-embryo portions of the egg determined separately. All of these 
values have been corrected for initial variations in the thiamine concentration 
and weight of the eggs. 


does not represent the thiamine concentration of the yolk. 
Although not included in the table, the initial concentration 
of thiamine in the yolk is approximately 300 og per 100 gm ; 
in the 18-day chick it has dropped to 120 iJg; and as “spare 
yolk” the day-old chick contains about 20 Mg per 100 gm. In* 
the early stages all of the thiamine is contained in the yolk 
but as development proceeds the thiamine becomes mdelv 
distributed. 
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DISCUSSION 

As noted above, all of the thiamine originally present in 
the egg is to be found in the yolk (Chick and Boscoe, ’29; 
Bethke et ah, ’36; Ellis et ah, ’33; Scrimshaw and Stewart, 
’44). The distribution of this substance, like that of - many 
others, must be regulated by the living yolk membrane (Need- 
ham, ’31). The work involved in maintaining these tremen- 
dous concentration gradients is probably sufficient to account 
for most of the metabolic activity of the unfertilized egg (0.06 
cal. per hour at 19° C., Langworthy and Barott, ’21). .Mter 
long storage the vitality of this yolk membrane is lost and 
osmotic gradients tend to disappear (Straub and Hooger- 
duijn, ’29). In studying eggs which had been stored in the 
cold room for 16 months, we found an average thiamine con- 
tent for the white of 40 gg per 100 gm. It is apparent that 
the ability of the membrane to maintain a steep thiamine 
gradient is also lost with age. 

The loss in thiamine content of the non-embryo portion of 
the egg which appears to set in after the 15th day must in 
part represent the relatively greater drop in the volume of 
yolk (low thiamine content). That the yolk itself also" drops 
in thiamine concentration is best sho-wn by the figure for the 
remains of the one-day-old chick. Here the sample was ob- 
tained by dissecting out the “spare” yolk and the assay value 
represents yolk alone. This figure of approximately 20 iig 
per 100 gm is but 7% of the original concentration. Some 
of this drop undoubtedly occurred during the hours of muscu- 
lar activity after hatching. 

In a previous report (Scrimshaw et al., ’44) the thiamine 
concentration per 100 gm of whole egg was discussed as if 
it were a direct reflection of the thiamine content of the egg. 
This is not strictly the case, although the variability of the 
'data then presented did not warrant a discussion of it. It has 
long been kno-vra that there is a drop in the total weight of 
the egg as development proceeds. Tangl (’03) reported a loss 
of 17.9% although Murray’s (’25) figure of 14.9% probably 
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represents a better average value. Our own series showed a 
weight loss of about 15% (8.1 to 16.5%). Unless the total con- 
centration of thiamine at the end of development can be shown 
to be approximately 15% greater than that at the beginning 
of development, some loss of thiamine in the egg must have 
occurred. When cognizance is taken of the weight change 
the data show that a small loss has actually occurred. This 
is graphically illustrated by figure 1, and the loss appears to 
be approximately 20%. 

This is a figure of interest because considerable respiratory 
activity can be measured during development (compare Ro- 
manoff, ’41). In fact about one-third of the energy originally 
available in the egg has been used by the time of hatching. 
The relation of the energy used during development to that 
originally present in the egg, the apparent energetic efficiency 
(AEE), has been reported at 63 to 67 for the embryo chick 
(Tangl, ’03; Murray, ’26). If much of this energy exchange 
involved carbohydrate metabolism, as in non-embryonie 
forms, considerable thiamine would necessarily be required. 
However, the fact that the thiamine loss seems to be low in 
the developing chick embryo is consistent with the data of 
Needham (’31) showing fat to be the predominant energy 
source. The maintenance energy metabolism apparently in- 
volves a relatively small percentage of carbohydrate com- 
pared with the same respiratory exchange for the chick or 
adult. This is particularly true after the 10th day of incu- 
bation, when evidences of increased fat metabolism can be 
found (Murray, ’26; Tallarieo, ’08; Riddle, ’16). Before this 
time the total mass of the embryo is so small that its limited 
use of carbohydrate would not be reflected in our macro 
assays. 

The results do not confirm the conclusion of Westenbrink 
and Yan Leer (’41) that most of the thiamine originally 
present in the egg fails to appear in the embryo. In fact, most 
of the original thiamine is still present in the one-day-old 
chick which has had no opportunity to feed. The small loss 
which can he detected and attributed to developmental re- 
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quirements does not alter this general conclusion. It was 
considered possible that the eggs studied here contained so 
much more thiamine than the European eggs used by the 
above workers that the utilization of thiamine by the embryo 
was obscured. Study of their original paper when it became 
available showed that this was not the case, because all of 
the eggs used were similar to ours in thiamine content. , Also, 
values obtained by us for incubated “low-thiamine eggs” 
refute this possibility.^ The suggestion previously made 
that the discrepancy might lie in the extra-embryonic struc- 
tures and fluids has not been borne out in the present studies. 
In the work presently reported, the thiamine content of the 
embryo doubled between the 16th and the 18th days and 
tripled between the 16th and 20th days. The actual content 
of the one-day chick was nearly double that of the 18-day 
embryo. It is apparent that most of the thiamine enters the 
embryo after the 16th day imder the conditions of incubation 
in Rochester. If the 18-day embryo in Holland more nearly 
approximated the 16-day embryos of Rochester, the discrep- 
ancy in embryo thiamine content at this stage would not he 
great. "We could then conclude that Westenbrink and Van 
Leer simply missed the great acquisition of thiamine by the 
embryo in the last few days of development. This would not^ 
however, explain their report that the “eighteen day embryo 
plus yolk” contains only 35% of the amount initially present 
in the egg. 


summary 

The changing thiamine concentration of the embryo and 
the remainder of the egg contents has been determined by 
the macro fermentation method for embryonated eggs of 
Wliite Leghoni fowls. The total thiamine concentration of 

* Three hens were isolated and put on a diet containing less than 0.6 Mg 
thianiino per gram. The thiamine concentration of the eggs laid by these hens 
was determined. The average thiamine values for eggs laid on successive days 
of the experiment were 118, 97, 74, 72, 54, and 34 Mg per 100 gmu Two eggs 
laid on the 7th day of the experiment were analyzed after 19 days of incubation 
and found to contain 35 Mg per 100 gm. 
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the egg contents does not change greatly during incubation. 
However, by correcting for the loss of weight of the egg dur- 
ing development, a drop of about 20% is found and attributed 
to the needs of developmental metabolism. 

The concentration of thiamine in the embryo gradually 
increases in an exponential fashion. The concentration in the 
remainder of the egg rises a little after the 7th day and begins 
to drop rapidly after the 15th day. The thiamine content of 
the remains as represented by the spare yolk of the day-old 
chick was found to have dropped to about 20% of the original 
concentration in the egg and about 7% of the original con- 
centration in the yolk. 

LITEEATUEE CITED 

Betthke, B. M., P. B, Kecokd and F. W. Whdee 1936 The effect of the ration 
of the hen on the vitamin G content of eggs with observations on 
the distribution of vitamins B and G in normal eggs. J, Nutrition, 
12 : 309. 

Chick H., and M. H, Koscob 1929 A method for the assay of the anti- 
neuritic vitamin Bi in which the growth of young rats is used as a 
criterion. Biochem. J., 23 : 498. 

Ellis, N. B., B. Miller, H. W. Titus and T. C. Byeely 1933 Effect of diet 
0^ egg composition. III. The relation of diet to the vitamin B and 
the vitamin G content of eggs, together with observations on the 
vitamin A content, J. Nutrition, 6 : 243. 

Lanoworthy, C, P., and H. G. Barott 1921 Heat elimination and gaseous 
exchange in celery and eggs during storage. J. Biol. Chem., 46 : xlix. 
Murray, H. A. 1925 Physiological ontogeny. A. Chicken embryos. II. 

Catabolism. Chemical changes in fertile eggs during incubation. 
Selection of standard conditions. J. Gen. Physiol., 9 : 1-37. 

• 1926 Pliysiological ontogeny. A. Chick embryos. VII. The con* 

centration of the organic constituents and the calorific value as 
functions of age. Ibid., 9 : 405. 

Needham, J. 1931 Chemical Embryology, Cambridge, England. 2 : 816. 

Biddle, O. 1916 Studies on the physiology of reproduction in birds. III. On 
tlio metabolism of the egg yolk of the fowl during incubation. Am. 
J. Physiol., 41 : 409. 

BoMANorr, A. L. 1941 The study of the respiratory behavior of individual 
chicken embryos. J. Ceil, and Comp. Physiol., 18 : 199. 

SciuiisUAW, N. S., AKD W. B. Stit^vart 19-14 Use of the macro fermentation 
method for thiamine assay, J. Biol. Chem., 156 : 79, 



246 ]sr. S. SCRIMSHAW, w. e. porter and U. w. scrimshaw 


Scrimshaw^ N. S., W. P. Thomas, J. W. MoKibben, C. R. Sullivan and K. C. 

Wells 1944 Thiamine content of hen eggs during incubation. J. 
Nutrition, 2S: 235, 

Stilvub, j., and M. j. j. Hoogerduijn 1929 The difference in osmotic con- 
centrations between egg yolk and white of egg* Rec. trav. chini., 48 : 49. 
Through Chem. Abstr,, S3: 3482. 

Tallarico, G. 1908 tlber einige Zeziehungen, welche zwischem dem Keime 
und den Enzymen seines Ernahrungsgebiete^ bestehen. Arch, farmacol. 
sper., 7 : 535, Through Chem. Zeutr,, 1909, I • 1252. 

Tangl, P. 1903 Beitrage zur Energetik der Ontogenese. I. Mittheilung. Die 
Entwicklungsarbeit im Vogelei. Arch, ges* Physiol. (Pfliiger's), 93: 
327. 

Westenbrink, H. G. K., and I. S. Van Leer 1941 The aneurine metabolism 
of the hen egg during development and incubation. Arch, neerl. 
physiol., 25: 544. 



THE INFLUENCE OF HIGH LEVELS OF FAT WITH 
SUBOPTIMUM LEVELS OP EIBOPLAVIN 
ON THE GROWTH OP CHICKS ^ 

KAYilOKD KBISER AND P. B. PEARSON 
Department of Biochemisirrj and 2!^utrition, Texas Agricultural 
Experiment Station^ College Station 

THREE FIGURES 

(Keceived for publication January 17, 1919) 


The literature concerning the effect of fat in the diet on 
the riboflavin requirement is controversial. Potter, Axelrod 
and Elvehjem (’42) reported that lard had no effect on the 
riboflavin requirement of dogs fed sucrose diets. Mannering, 
Lipton and Elvehjem (’41) fed grovdng rats diets containing 
25 to 40% “fat” and found that the riboflavin requirement 
increased with the fat level in the diet. In these experiments 
fat replaced dextrin. In a continuation of this work, hlanner- 
ing, Orsini and Elvehjem (’44) concluded that the effect was 
due to the influence of the fat (lard and commercial hydro- 
genated cottonseed oil -) on decreasing the intestinal syn- 
thesis of riboflavin, since, when sucrose, which does not 
enhance intestinal synthesis, was substituted for dextrin the 
same reduced growth rate resulted. Tange (’41) has also 
reported an increased requirement of rats for riboflavin on 
high fat diets. Euler et al. ( ’42) have reported that the ad- 
ministration of linoleic acid to rats on a low riboflavin-low 
fat diet produced death in most animals. 

‘This work was carried on with the support of the Office of Naral Research 
under a contr.act witti tlie Texas A. and M. Research Foundation. 

* Crisco, 
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Since previous work on the requirements for riboflavin 
were mth mannnalia, it was of interest to extend studies of 
this nature to an avian species. 

EXPERIMENTAL 

The basal diet used had the following percentage composi- 
tion: Wood pulp 3.0, cerelose 63.2, purified casein 18.0, gelatin 
10.0, salt mixture 5.0, L-cystine 0.3 and fish liver oil 0.5. The 
vitamin supplement, in mg per 100 gin, was composed of thia- 
mine hydrochloride 0.6, calcium pantothenate 2.5, choline chlor- 
ide 250, nicotinic acid 7.0, pyridoxine hydrochloride 0.8, biotin 
0.03, inositol 125, para-aminobenzoic acid 0.3, tocopherol 5.0, 
folic acid 0.25, 2-methyl-l,4-naphthoquinone 0.15. Fat was 
substituted for cerelose on a percentage basis. Not more than 
two weeks’ feed was prepared at any one time, nor more than 
enough for three days’ consumption placed in the feed 
troughs. 

The chicks used were New Hampshire Ked- White Leghorn 
crosses. In all experiments the chicks were distributed among 
the groups according to weights, so that there were the same 
number of light and heavy chicks in each group and the aver- 
age weights in the groups were approximately the same. 

In the first experiment (experiment I, table 1), two groups 
of 10 one-day old chicks were placed on the low fat and two 
groups on a 20% lard diet. One group on the low fat diet 
and one on the high fat diet were supplemented with 2 Mo 
of riboflavin per gram, and the other two groups received 
4 |jg of riboflavin per gram of diet. Since the basal diet con- 
tained approximately 0.5 pg per gram, the total riboflavin 
contents were thus 2.5 and 4.5 pg per gram. These levels of 
riboflavin were selected because the 2.5 pg level is inadequate 
while the 4.5 pg one would normally meet the requirements 
for maximum growth. 

The chicks were maintained on experiment for 40 days. 
At the end of that time the average gains of the chicks on the 
low riboflavin diets were 414 and 456 gm on the low and high 
fat diets, respectively. The average gains on the high ribo- 
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Cottonseed oil. Wesson oil w«s used throughout. 
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flavin level were 543 and 531 gm on the low and high fat 
rations. The data analyzed statistically showed that there 
were no- significant ditferenees attributable to the lard. 

An exiDloratory experiment (experiment II, table 1) was 
then performed, using a 20% cottonseed oil ® diet instead of 



Days on Experiment 

Pig. 1 Growth of 14-dav-oId cliicks on low riboflavin diets containing 20% 
cottonseed oil and no added fat. 


lard. The chicks had been on a stock diet for 14 days before 
being placed on the experimental i-ation. Only the fat content 
was varied, no riboflavin supplements being added for the 
first 19 days. Twelve chicks were started in each group. The 
results were strikingly different from those obtained on the 

*Reflued cottonseed oil available coniniercially as Wesson Oil. 



PAT AMD EIBOFLAVIM BELATIOMSHIPS 


251 


experiment hi which lard was fed. As may he noted in figure 
1, the chicks on the cottonseed oil ration did not gain after 
the third day and began to lose weight sharjily after the 14th 
day. The chicks on the low fat ration gained during the first 
15 days and then failed to gain. Four micrograms of ribo- 
flavin per gram were then added to the cottonseed oil diet 
on the 19th day and to the low fat ration on the 21st day. 
The chicks subsequently gained rapidly, at about the same 
rate. As is seen in table 1, experiment II, on the 0.5 tjg 
riboflavin level the low fat group gained 65 gm in 19 days, 
as compared to 5.8 gm for the cottonseed oil group. After 
supplementation with riboflavin the gains were 228 and 210 
gm, respectively, in 12 days. This experiment indicated 
clearly a deleterious effect of cottonseed oil in a low riboflavin 
ration, which was corrected by the inclusion of riboflavin. 

An experiment was then designed to confirm the observed 
responses of chicks to low riboflavin diets high in lard and 
cottonseed oil, and to test a hydrogenated vegetable oil. The 
effects of low fat and high cottonseed oil diets containing 
adequate riboflavin were also studied. The chicks were placed 
on expei’iment after 13 days on a stock diet. The results are 
presented in figure 2 and table 1, experiment III. 

From figure 2 it may be seen that the low fat and high 
cottonseed oil groups of 6 chicks each, which received a 
supplement of 4 pg of riboflavin per gi-am (groups 1 and 2) 
grew at approximately the same rate. The low fat, lard and 
hydrogenated vegetable oil ^ groups of 10 chicks each which 
received no added riboflavin (groups 3, 5 and 6) gained slowly 
for 12 days and then began to lose Aveight. The cottonseed 
oil group of 10 chicks which received no added riboflavin 
(group 4) gained for only two days, maintained approxi- 
mately the same Aveight for 10 days and then began to decline. 
On the 15th day 4 pg of riboflavin per gram Avas added to the 
riboflaAun-deficient diets. The resulting gains Avere as great 
in the cottonseed oil group as in the others. 

‘ Spry, 
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Fig. 2 Growth of 14'day old chicks on low and high fat and low and high 
riboflavin diets. 
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As sliown in. table 1, the average gain for the 15 days of 
depletion vras approximately 30 gm by tlie chicks receiving 
lard, hydrogenated vegetable oil or no fat but was only 3 gm 
by those receiving cottonseed oil. 

The deleterious effect of cottonseed oil which can be pre- 
vented or corrected by the inclusion of riboflavin is thus 
confirmed and contrasted to the comparatively innocuous 
effect of low fat, lard or hydrogenated vegetable oil rations. 

To test the possibility that the development of rancidity 
might be responsible for the unfavorable effect of cotton- 
seed oil, Nordibydrogmaiaretic acid and citric acid were each 
added to this diet at a 0.05% level (experiment IV, table 1). 
Two-week-old chicks were used. Cottonseed oil was fed at 
levels of 5, 10 and 20%. Four micrograms of riboflavin per 
gram were mixed in the diets for the first 14 days and then 
discontinued. The average gains per chick on the 13th day 
were 162, 169, 174, and 177 gm on diets containing no fat and 
5, 10 and 20% of cottonseed oil, respectively. 

The riboflavin was then removed from the diets and on the 
12th depletion day the respective average gains were 140, 90, 
64 and 51 gm per chick on the low fat and 5, 10 and 20% 
cottonseed oil diets. Thus the protective role of riboflavin was 
again confirmed, and the deleterious effects of cottonseed oil 
shown not to be due to rancidity. Furthermore, the higher the 
level of cottonseed oil in the diet, the lower the rate of growth 
(fig. 3). 

Since in all experiments with cottonseed oil the chicks had 
been placed on experiment after two weeks on a stock diet, it 
was decided to test the effects of cottonseed oil startino- with 

o 

day-old chicks. Three levels of riboflavin, 1.0, 2.0, and 3.0 gg 
per gram of feed, were used vdth low fat and 20% cottonseed 
oil diets. The growth data are summarized in table 1, experi- 
ment V. The better growth of the low fat groups is obvious. 

The chicks receiving diets containing 20% of cottonseed 
oil with all three levels of riboflavin made less efficient gains 
than the chicks on the diets with no added fat. The grams 
of feed required to produce 1 gm of gain on the 20% cotton- 
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seed oil diets were 3.37, 2.90 and 2.04, respectively, for the 
1, 2 and 3 ^Jg levels of riboflavin. The feed consumed per gram 
of gain by chicks on the diets with no added fat for the corre- 
sponding riboflavin levels were 2.71, 2.21 and 1.36 gm. On the 
basis of the energy content of the diets, the high fat diets 
might have been expected to give the most efficient gains.’ 



Fig. 3 The effect of graded levels of cottonseed oil on the growth of 14- 
day-old chicks upon removing riboflavin from the diets. 
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Ou the 18th day of the experiment the chicks were sacrificed 
aud the livers of those receiving 1 and 3 ^ig of riboflavin pel- 
gram of diet assayed for riboflavin by the method of Roberts 
and Snell (’16). The riboflavin content of the livers ivas not 
affected by the addition of fat to the diets. On the 1 ng level 
of riboflavin, the average riboflavin content of the livers on 
the low fat diet was 7.2 pg per gram of fresh liver, as com- 
pared with 7.8 Mg for the chicks on the diet containing 20% 
of cottonseed oil. On the diets containing 3 Mg of riboflavin, 
the average levels in the liver were 15.9 on the low-fat diet 
and 13.7 on the diet containing cottonseed oil. The lower ribo- 
flavin content of the liver on the low levels of intake is in 
accord with the finding of Clandinin ( ’46) . 

The prononneed inhibitory effect on growth and the in- 
efficient use of feed resulting from the inclusion of 20% cot- 
tonseed oil in a diet containing a suboptimum amount of 
riboflavin are again clearly demonstrated. 

DISCUSSION AND SUMMARY 

Chicks receiving moderately high levels of refined cotton- 
seed oil in diets low in riboflavin cease growing much sooner 
than those on a similar diet that contains no added fat. When 
4 Mg of riboflavin per gi-am of feed are added to the diets, the 
growth response is essentially the same irrespective of 
Avhether the diets contain fat. Lai-d did not retard the rate 
of growth, nor did a commercial hydrogenated vegetable f at.= 
The response to cottonseed oil does not appear to be due to 
the development of rancidity since means were taken to pre- 
vent its formation, including the addition of anti-oxidants and 
refrigeration of the feed. 

The chemical difference behveen cottonseed oil on the one 
hand and lard and hydrogenated vegetable oil on the other is 
the high concentration of linoleic acid in the former. Since 
there is no known reason for believing that the unsaturated 
acids require more riboflavin for their metabolism than the 

’ See footnote 4, page 251* 
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satui’ated it would seem more probable that the unsaturated 
acids interfere more with the intestinal synthesis of 
riboflavin. 

The alternative possibility, however, must still be con- 
sidered. Lehninger has recently shown ( ’48) that cytochrome 
is an essential constituent of the enzymatic system for the 
oxidative catabolism of fatty acids. Since riboflavin is a con- 
stituent of the enzyme system which catalyzes the reduction 
of the oxidized form of cytochrome C (Haas, Horecker and 
Hogness, ’40), it becomes apparent that this vitamin has a 
role in fatty acid catabolism and an increased requirement 
might be expected on a high fat diet. 
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The importance of the interrelationships among the various 
nutrients of the diet has been increasingly realized during 
the last decade. Among these relationships, dietary fat has 
been found to influence energy and protein metabolism and 
various physiological functions. Increasing the fat content 
of isocaloric diets from 2 to 30% resulted in an increase in 
the rate of weight gain and a decrease in the heat production 
of rats (Forbes, Swift, Elliott and James, ’46; Forbes, Swift, 
James, Bratzler and Black, ’46). Eats fed diets low in protein 
made more rapid and efficient gains when 30% of fat was 
included in the diet than when only 2% was included (French, 
Black and Swift, ’48). Deuel et al. (’47)' have shown that 
feeding rats diets containing from 5 to 40% of fat results in 
better ga-o'wtb, greater physical capacity, and better repro- 
ductive and lactation performance than does the feeding of 
a low fat diet supplemented with methyl linoleate. The low 
fat diets used in previous investigations reviewed by the 
present authors were provided with the essential unsaturated 
fatty acids, so the beneficial effects of the fats must be attrib- 
uted to other factors. Annegers and Ivy (’47) have shown 
that increasing the fat content of the diet delays gastric 

‘Tills work was carried on with the support of the Office of Xaval Besearch 
unicr a contract with the Texas & :M. Ecsearch Foundation. 
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evacuation. This might favor more complete digestion of 
the various nutrients. 

The experiments reported here were designed to examine 
the etfect of fat in the diet on the utilization of the protein 
component of the diet ixnder conditions of isocaloric feeding 
and ad libitum feeding. The criteria used were rate of gain, 
gain per gram of protein consumed, and the fecal and renal ex- 
cretion of phenylalanine, valine, lysine and methionine. The 
rationale of the latter was the finding that the amounts of 
amino acids excreted in the urine are influenced by the quality 
of the protein ingested (Sauberlich, Pearce and Baumann, 
’48). With iDi’oteins of high biological value the urinary excre- 
tion of amino acids was much lower than when proteins of a 
loAV biological value were fed. These findings indicate that one 
means of measuring the efficiency of utilization of proteins 
is by the renal excretion of amino acids. The size of the three- 
day sample of urine and feces did not permit assays for all 
of the essential amino acids. 

EXPEEIAIENTAL 

The percentage composition of the fat-free (low fat) diet 
Avas : purified casein 20, sucrose 76 and salts mixture 4. The 
fats used in these experiments Avere lard and a refined corn 
oil. The components of the diets containing fat were purified 
casein 22%, sucrose 66%, salts mixture 4% and either corn 
oil or lard 8%. One gram of the Ioav fat diet Avas calculated 
on the basis of physiological heat Amlues for protein, fat and 
carbohydrate to 25rovide energy and protein equhmlent to 
0.906 gni of the diets containing fat. Vitamins were added 
to the diets in mg loer 100 gm of diet as folloAvs : tocopherol 
acetate 0.5, Autamin D3 0.2, Autamin A 0.2, 2-methyl-4-naphtho- 
quinone 0.1, thiamine 0.25, riboflaA'in 0.3, pyridoxine 0.25, Ca- 
pantothenate 2, choline chloride 100, niacin 0.5, inositol 100, 
pteroylglutamic acid 0.2 and biotin 0.01. The diets AA’ere 
stored in a refrigerator. Each rat AA’as gWeu approximately 
30 mg of ethyl linoleate daily by means of a medicine droppei*. 
This is adequate to meet the needs of the rat for the essential 
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polyunsaturated fatty acids. The ethyl luioleate was given 
to the rats receiving the diets containing fat to insure as much 
uniformity as possible in the treatment of the animals. 

White i-ats of the Sprague-Dawley strain were used. To 
avoid variations due to sex differences, only male rats were 
used. The details of the method of feeding will be given for 
each series as the results are discussed. 

Quantitative collections of the urine and feces were made 
for three consecutive days. The period of collection of feces 
and urine was between the beginning of the third week and 
end of the 4th week, unless otherwise indicated. It was neces- 
sary to stagger the collections over the two-week period. An 
equal number of rats from each group were always in the 
metabolism cages at the same time. The urines were filtered 
and stored in a refrigerator. The feces were dried and ground 
for analyses. 

Microbiological assays for the amino acids in the feces and 
urine were made on the hydrolyzed samples and represent, 
therefore, the total content of phenylalanine, valine, lysine 
and methionine. Methionine and lysine were determined with 
the test organism Leuconosfoc mesenteroides P-60, using the 
procedure of Lyman et al. (’46). Valine and phenylalanine 
were assayed with L. arah'mosus (Schweigert et al., ’44) with 
the modification that 0.02 ag folic acid and 1 og jiyridoxamine 
were added per 10 ml of medium. 

Ad libitum feeding 

In this series the rats were fed the three diets ad libitum 
in individual cages, thereby permitting individual feed con- 
sumption records. There were 12 male rats in each group 
with an initial weight of approximately 40 gm. The gains 
for the 4-week period and gain per gram of protein consumed, 
together with the standard deviations, are shown in table 1. 
The rats fed the diet low in fat made an average gain of 76 
gm, as compared with 10 (.8 gm for the group receiving coi’u 
oil in the diet and 105.2 gm for the group with lard hi the 
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diet. The difference in the gains made by the group fed the 
low fat diet and the groups fed the diets containing 8% of 
fat was highly significant statistically. "While the rats re- 
ceiving 8% of fat in the diets made more gain per gram of 
protein consumed than the group fed the low fat diet, these 
differences are not statistically significant. The corn oil and 
lard groups consumed more feed than the Ioav fat group and 
the lower food consumption is Avithout doubt a factor in the 
less rapid growth of the latter group. The supeiior groAvth 
performance of the rats fed diets containing fat is in accord 
Avith previous obseiwations (Deuel et ah, ’47; Scheer et ah, 
’47). 

TABLE 1 

Growth of rats on diets containing corn oi7, lard and no fat 


dietary 

GAIN IN 4 WEEKS 

GAIN PER GRAM PROTEIN CONSUMED 

REGIMEN 

Mean 

S.D.i 

Mean 

S.D.i 


gm 


gni 


No fat 

76.0 

17.3 

lA 

0.3 

Corn oil 

107.8 

15,1 

1.6 

0.3 

Lard 

105.2 

15.8 

1.7 

0.3 


* Standard deviation. 


Excretion of amino acids 

This series Avas desigaied to measure the effect of fat in 
the diet on the renal and fecal excretions of phenylalanine, 
valine, lysine and methionine. Data were also obtained on 
groAvth and efficiency of utilization of feed. There Avere 15 
male rats in each group Avith an initial average weight of 
approximately 42 gm. Each animal was fed in an individual 
cage and an accurate record Avas kept of the amount of food 
consumed. The allowance of food was such that each animal 
in all groups received essentially the same amount of protein 
and energy. That this Avas essentially achieved among the 
three groups is eAudenced by the fact that the average amounts 
of protein consumed per rat for the 4-week period shoAved a 
maximum difference of only 0.2 gm. The urine and feces 
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were collected separately over a three-day period. The num- 
ber of metabolism cages available and the time sequence did not 
permit obtaining excretion data on all of the 15 animals in 
each group. Collections were made on 12 rats in each of the 
three groups. In a few cases the size of the sample of feces 
or urine was not sufficient to permit assays for all of the 4 

table 2 


'Effect of fat in t/ie diet of rats mi their growth and their excretion of amino acids 




ni E T A R. Y 

RE G I il E 2^ 


category op 

INTEREST 

Ho fat 

Corn oil 


Lard 

Mean 

S.D.i 

Mean 

S.D.i 

Mean 

S.B.i 

6ain/4 weeks (gm) 

57.4 

5.7 

61.7 

6.1 

60.2 

6.1 

Gain/gm protein consumed 

(gm) 

1.7 

0.1 

1.8 

0.1 

1.8 

0.1 

Phenylalanine excreted/3 

days in: 
urine (mg) 

2.0 

1.4 

1.3 

0.6 

1.3 

0.8 

feces (mg) 

4.9 

1.7 

4.1 

2.3 

4.3 

1,6 

Valine excreted/3 days in; 

urine (mg) 

1.7 

1.3 

0.9 

0.03 

1.5 

0.2 

feces (mg) 

10.2 

3.0 

7.0 

1.4 

8.7 

2.1 

Lysine excreted/3 days in ; 

urine (mg) 

2.4 

1.2 

1.8 

0.6 

2.0 

0.8 

feces (mg) 

8.6 

3.3 

6.4 

1.9 

7.5 

1.7 

klethionine excreted/3 days in : 

urine (mg) 

0.64 

0.4 

0.4 

0.1 

0.5 

0.3 

feces (mg) 

3.0 

0.9 

2.1 

0.6 

2.5 

0.9 


^ Standard deviation. 


'amino acids. The growth data in table 2 and the gain per 
gram of protein consumed are for 15 animals in each group, 
while the figures for amino acid excretions represent either 
11 or 12 animals in each gi’oup. 

The mean gain in weight of the rats fed the low fat diet 
for the 4-week period was 57.4 gm, as compared to 61.7 and 
60.2 giu for the groups receiving corn oil and lard, respectively. 
These differences are not significant statistically. 
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cally significant. These results show that 8% of corn oil in 
the diet of rats enhances the efficiency -with which methionine 
and phenylalanine are utilized by this animal. 

Tissue replenishment 

This series was designed to measure the rate of tissue re- 
plenishment in rats fed a diet with no added fat and a diet 
containing 8% of com oil. Eats that had been fed a stock 

TABLE 3 


Effect of fat on the rate of weight gain and the excretion of a7nino acids 
during tissue replenishment 


CATEGORY OP 

IKTEEEST 

Mean 

DIETARY 

No fat 

S.B.^ 

E E G I E N 

8 % corn oil 

Mean S D.i 

Gain/3 weeks (gni) 

76.1 

7.6 

78.2 

8.5 

Phenylalanine excreted/3 days in; 

urine (mg) 

5.5 

2A 

5.3 

3.7 

feces (mg) 

7.5 

2.4 

7.7 

2.8 

Yaline excreted/3 days in: 

urine (mg) 

8.1 

4.5 

6.6 

3.3 

feces (mg) 

26.9 

10.7 

28.5 

16.1 

hysine excreted/3 days in: 

urine (mg) 

8.0 

3.1 

7.5 

2.3 

feces (mg) 

11.9 

3.0 

10.9 

4.0 

iTethionine exereted/3 days in; 

urine (mg) 

2.8 

1.36 

2.3 

1.2 

feces (mg) 

6.0 

1.85 

5.6 

2.3 


^ Standard deviation. 


ration until the}’- weighed approximately 215 gm were then 
placed on a diet consistmg of sucrose, salts, and vitamins 
at twice the levels used in the diets containing protein. During 
the depletion period each rat received 30 mg of ethyl linoleate 
daily. After they had lost between 30 and 40% of their weight 
they were divided into two groups of 10 rats each and placed 
in individual cages. The rats receiving the diet containing 
8% of corn oil and those fed the diet containing no added 
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fat wei’e fed at levels to provide equal protein and calorie 
intakes. They were kept on the experimental diets for three 
weeks, at which time their rate of gain reached a plateau. 
Between the 10th and 21st day of the experiment the urhie 
and feces were collected individnally for a three-day period. 

The data on the rate of gain and the excretion of 4 amino 
acids are shown in table 3. The differences between the two 
groups with respect to rates of gain and the excretions of 
phenylalanine, valhie, lysine and methionine were not signifi- 
cant statistically. It should be noted, however, that there is 
a tendency to excrete less amino acids when corn oil is in- 
cluded in the diet than when no fat is added to the diet. There 
was less lysine and methionine excreted in the feces by the 
rats receiving corn oil in their diet than by the rats receivmg 
the diet with no added fat. The average renal excretion of 
each of the 4 amino acids was less by the gnoup receiving 
corn oil than by the group with no added fat in the diet. The 
results using the replenishment technique are in the main in 
accord with the observations with young rats. 

SUilMAEV 

Sats fed ad libitum a diet with no added fat and supple- 
mented with ethyl linoleate gained 29% less than rats fed 
diets containing 8% of corn oil or lard. There was no signi- 
ficant difference in the gains of rats when the intakes of pro- 
tein and energy were equalized. 

The fecal excretion of phenyalanine, valine, lysine and 
methionine was from two to 5 times greater than the excretion 
by the renal pathway. The fecal excretions of the 4 amino 
acids were less by the rats receiving corn oil in their diet 
than by rats receiving a diet with no added fat. The differ- 
ences were statistically significant for valine, lysine and 
methionine. The ui’inary excretion of valine and methionine 
was significantly less by the rats fed the diet containing corn 
oil than by the rats fed a diet containing no added fat. 

Mature rats that had been fed a depletion diet until they 
had lost approxhnately one-third of their weight were fed on 
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a reginieu providing equalized intakes of protein and energy . 
One group was fed a diet containing 8% of fat and the other 
group a diet with no added fat. The results, on the basis of 
growth and excretion of amino acids, favored the diet con- 
taining corn oil. The differences, however, were small and 
not statistically significant. ' 

LITERATURE CITED 

Aknegers, J. H., and a. C. Ivy 1917 The effect of dietary fat upon gastric 
evacuation in normal subjects. Am. J. Physiol., 150: 461. 

Deuel, H. J., Jk., E. E. Meseeve, E. Straub, C. Hendrick and B. T. S cheer 
1947 The effect of fat level of the diet on general nutrition. 1. 
Growth, reproduction and physical capacity of rats receiving diets 
containing various levels of cottonseed oil or margarine fat ad libitum. 
J. Nutrition, 55: 569. 

PoRBES, E. B., R. W. Swift, R. P. Elliott and W, H. Jahes 1946 Relation 
of fat to economy of food utilization. Ibid. 31: 203. 

PoRBEs, E. B., R. W. Swift, W. H, Jaiies, J. W. Bratzler and A, Black 1946 
Further experiments on the relation of fat to economy of food 
utilization. I. By the growing albino rat. Ibid,, 32: 387. 

French, C. E., A. Black and R. W. Swift 1948 Further experiments on the 
relation of fat to economy of food utilization. HI. Low protein 
intake. Ibid. 55: 83. 

Lyman, C. M., O. Moseley, B. Butler, S. Wood and P. Hale 1946 The 
microbiological determination of amino acids. III. Methionine. J. 
Biol. Chem., 136: 161. 

Sauberlich, H. E., E. L. Pearce and C. A. BAUitANN 1948 Excretion of 
amino acids by rats and mice fed proteins of different biological values. 
Ibid. 175: 29. 

ScHEER, B. T., D. F. Soule, M. Fields and H. J. Deuel, Jr. 1947 The effect 
of fat level of the diet on general nutrition. II. Growth, mortality 
and recovery in weanling rats maintained on restricted calories. J. 
Nutrition, 55: 583. 

ScHWEiGERT, B. S., J. 'M. McIntire, C. a. Elvehjem and P, M. Strong 1944 
The direct determination of valine and leucine in fresh animal tissue. 
J. Biol. Cliem., 155: 183. 

Sheffner, a. L., j. B. Hirsner and W. L. Palmer 1948 Studies on amino 
acid excretion in man. 1. Amino acids in urine. Ibid. 175: 107. 




THE DISTRIBUTION OP THIAMINE IN 
THE EMBRYONATED HEN EGO 

II. THE CONTEXT OF EMBRYONIC TISSUES ^ 

NEVIN S. SCRIMSHAW, WARREN E. PORTER 
AND MARY W. SCRIMSHAW 
Department of Obstetrics and Gynecology, 

School of Medicine and Dentistry, University of Docliester, 
Eochester, New Yorlc 

OlJE FIGURE 

(Received for publication December 17, 1948) 


Despite the great amount of embryological and biochemical 
work done on the chick embryo, studies of the vitamin content 
of the embryonic tissues are rare. Barnett and Bourne ( ’41) 
have studied the distribution of ascorbic acid in the embryo 
during the jSrst 4 days of incubation. The concentrations of 
8 of the vitamins of the B complex, including thiamine; have 
been determined by Williams et al. ( ’41) for the liver, brain 
and hearts of 12-day embryos and day-old chicks. Attempts 
to modify these values by changing the diet of the hen or in- 
jecting vitamins into the egg have been reported from the 
same laboratory (Taylor et al., ’41). 

Studies of the thiamine content of the entire egg and intact 
embryo have been discussed in a preceding paper (Scrimshaw, 
Porter and Scrimshaw, ’49). In this report the thiamine 
concentration and content of the embryo were shown to in- 
crease in exponential fashion. The thiamine concentration of 
the egg does not change until it drops rapidly during the 
final two or three days of incubation. The total thiamine con- 
tent of the egg appears to drop about 20% by the time of 

'Aided by a grant from Swift and Co., Chicago, Illinois, 
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hatching. The yoUc contains all of the thiamine present in 
the egg before incubation (compare Chick and Eoscoe, ’29; 
Ellis et ah, ’33; Bethke et ah, ’36). The concentration of the 
yolk thiamine falls from approximately 300 pg per 100 gm at 
this time (Scrimshaw and Stewart, ’41) to 23 |ig per 100 gm 
for the “spare yolk” of the day-old chick. 

In the present study the distribution of thiamine in the 18- 
day chick has been studied by assay of brain, liver, muscle, 
heart, gastrointestinal tract, kidney, yolk, membranes and 
remainder. The vitamin content of certain of these organs has 
also been studied in the 15-day embiyo and the day-old chick. 
These values are correlated with those previously reported 
for the embryo and the whole embryonated egg. 

MATERIALS AND METHODS 

The eggs - were incubated as described previously (Scrim- 
shaw, Porter and Scrimshaw, ’49). Thirty eggs of the desired 
age were usually selected and the embryo, yolk and remams 
carefully separated and weighed. The embryos were then 
dissected. Each kind of oi'gan or tissue was then weighed 
and prepared as a single sample. Most of the samples were 
mixed immediately in a Waring Blendor, acidified to pH 4.00 
or below with HCl and diluted to volume for storage at 5° G. 
Striated muscle samples were placed in a vacuum desiccator 
in the cold room and ground up in a mortar when dry. The 
powdered samples were then treated as above. 

The assays were done by the modified macro fermentation 
method (Scrimshaw and Stewart, ’44). Often the quantity of 
sample was too small to permit duplicate runs. Where a value 
has not been checked by either a duplicate assay or by the 
assay of the same organ in a different series, this is indicated 
in table 2. Each of the 18-day values is the average of several 
series. Only one sei'ies of 15-day embryos and one-day-old 
chicks were studied. 

-The eggs and day-old chicks were supplied from White Leghorn hens by 
Roger's Farms, a nearby commercial poultry farm and hatchery. 
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RESULTS 

The disti-ibution of thiamine in the embryonated 18-day 
egg is described first because it received the most complete 
study and can be used as a basis for comparison. In table 1 
the mean thiamine concentration and range of values obtained 
for each of the egg components tested are given, together with 
the mean weight of each in an individual egg. It will be noted 
that the concentration in the liver is approximately 4 times 


TABLE 1 

The concentration of thiamine in the tissues and organs of 15'day embryos 

and day-old chicles 


stkucture 

XO. OP 
SAMPLES 

assayed ^ 

MEAN WT. 

PEK EGO 

CONCENTRATION ^ 

Brain 

3 

o 

00 

1.50 

(1.42^1.58) 

Liver 

3 

0.45 

3.68 

(3.40^4,05) 

(jr.I. tract 

2 

1.66 

0.80 

(0.35-1.25) 

Kidney 

2 

o.u 

1.95 

(1.78-2.12) 

Heart muscle 

4 

0.17 

0.82 

(0.56-1.34) 

Leg muscle 

2 


1.35 

(1,13-1.57) 

Yolk 

3 

15.0 

1.12 

(1.05-1.19) 

Membranes and fluid 

2 

12.6 

0.92 

(0.23-1.60) 

Total less embryo 

1 

29.2 

0.91 


Total embryo 

2 

18.6 

0.91 



* These are the number of separate samples made up of 20 to 30 embryos 
assayed in duplicate. 

* Values are not corrected for variations in initial thiamine concentration be- 
cause such adjustment would not greatly affect the gross range of values. 

that in the whole embryo. Kidney and brain and skeletal 
muscle are also seen to be higher in thiamine concentration 
than the mixed whole embryo, while the heart is about the 
same. It is of interest that at 18 days of incubation the con- 
centration of thiamine in the embryo, in the yolk, and in the 
remaining fluid and membranes is approximately the same. 

When these data are compared with those for the embryo at 
15 days and the newly hatched chick presented in table 2, 
certain characteristic differences and similarities are noted. 
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There appears to be no significant change in the heart thia- 
mine concentration. The concentration in the brain seems to 
drop steadily with development. By the time of hatching, a 
definite drop in the thiamine of the livei*, muscle, gastrointes- 
tinal tract and yolk has occurred. In general, the values for 
15 days do not differ markedly from those for 18 days except 
for a previously noted increase in concentration of thiamine 
in the whole embryo mth age. 


TABLE 2 

The con€e7itratioii of thiamine in the tissues and organs of 15-day embryos 

and day-old chichs 


STKUCTURE 

15-DAY EilBRYO 

l-DAY CHICK 

Mean 

weight 

Concentration 

Mean 

weight 

Concentration 


gm 


gm 

figiffn^ 

Brain 

0.587 

2.50 ' 

0.895 

1.18" 

Liver 

0.290 

3.34 

1.23 

2.58 

G.I. tract 



4.7 

0.63 

Heart 

0.127 

0.87" 

0.295 

0.96" 

Leg muscle 




0.84 

Whole embryo 

13.7 

0.75 

36.2 

1.09 

Yolk 

32.3 

0.97 = 

2.0 

0.23 


' Only a single assay of a 30 -embryo sample was done because of the lim- 
ited quantity of material. Other values represent duplicate assays of a single 
sample. Values are not corrected for variations in initial thiamine concentration. 
• Includes entire nomembryo portion of egg contents. 


The average initial concentration of thiamine varied from 
one series to the next, as did the mean initial weight of the 
egg contents.^ The cumulative effect of these differences 
woidd so distort the graphical presentation of the organ 
thiamine contents that these values are corrected for this 
variation. One hundred mierograms of thiamine per 100 gm 
of whole egg and an average weight of 50 gm per egg were 
values close enough to the true averages to serve as con- 
venient arbitrary standards. If the initial content of a series 
averaged 90 pg of thiamine per 100 gm, individual tissue 

* The average initial values for each series are given in the preceding paper. 
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values of tills series were multipliecl by 100/90. Similarly, 
an average initial egg content weight of 15 gm would result 
in ail mean organ, weights for the series being multiplied by 
50/45. The adjusted results are plotted in figure 1. It will 
be seen that in general the content increases with develop- 
ment due to the increase in mass of the organ or tissue 
studied. Changes in concentration with development are not 
great enough to obscure this trend. This is particularly 
noticeable in the case of the liver and the gastrointestinal 



Fig. 1 Thiatnine content of certain organs of the IS-day emhryo, 18~day 
embryo and day-old chick. These values, corrected for initial variation in rveight 
and thiamine concentration of the various series (see text), give the total thiamine 
to be found in the average'^ organ at the stage indicated. 


tract, which dropped considerably in concentration in the 
newly hatched chick but which later contained relatively large 
amounts of thiamine. Only in the case of the brain and, of 
course, the yolk, is a drop in thiamine content with develop- 
ment noted. If it had been possible to estimate the total mass 
of skeletal muscle, its thiamine content would undoubtedly 
have been the highest of any single tissue. 

DISCUSSION 

The single value reported by Williams, Taylor and Chel- 
delin (’41) for the liver of the 12-day embryo is two to three 
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times the one obtained by us for the 15'day embryo. However, 
their values are expressed in terms of dry weight and can be 
only approximately compared. Their figure for the liver of 
the day-old chick is in good agreement with ours. A single 
figure reported by Williams, McMahan and Eakin (’41) in 
a concurrent study was 1.9 pg per 100 gm of fresh “chick” 
liver. 

The concentration of thiamine in both the heart and brain 
of the 12-day chick embryo as reported by Williams et al. 
(’41) is greater than that found by us in the 15-day embryo. 
However, their results and ours seem reasonably consistent 
except for a much higher value cited by them for the 12-day 
embryo liver. The discrepancy may be due to a higher thia- 
mine content of the younger liver, but it can also be accounted 
for by the variation to be expected in their single sample. 

The concentration of thiamine in the embryo, weaned, and 
mature rat reported by the above workers in the same study 
shows marked qualitative and quantitative differences from 
the values found for the hen. 

In some cases the functional significance of the distribution 
of thiamine described above will be apparent. A high con- 
centration in the liver is consistent with the metabolic impor- 
tance of this organ. Similarly, nervous tissue and kidney 
might be expected to show a high thiamine concentration. The 
higher thiamine value for the 18-day chick muscle as compared 
with that of the young chick is not so easily understood. 
Perhaps the considerable muscular activity of the young 
chicks during and after hatching had depleted the thiamine 
stored before this time. 

The steady drop in the thiamine content of the yolk is of 
interest since by the time of hatching the total thiamine I'e- 
maining is only one-sixth of that in the gastrointestinal tract 
to which the yolk is attached. In fact, it has only slightly 
more thiamine than the much smaller heart. Although origin- 
ally containing all of the thiamine in the egg at a concenti’a- 
tion 4 times that of the final embryo, the yolk has lost all 
significance as a thiamine store by the time of hatching. 
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The changes that take place in the embryo during- the last 
three days of development are great. At 18 days the embryo 
still makes up only about half of the total weight of the egg- 
contents and a corresponding proportion of the thiamine. 
However, the newly hatched chick has incorporated much of 
this 50% of both thiamine and tissue. These changes which 
take place during the final days of incubation are difficult to 
study because of the variation among individual embryos and 
technical difficulties in handling samples with much foam and 
feathers. Considerable additional work is required on these 
critical final days. 

Although certain trends can be noted in the above data 
with respect to the thiamine content and concentration of 
embryonic organs and tissues, detailed analysis must await 
further study. Indeed, only with increased knowledge of the 
role of thiamine in development and metabolism can these 
results he satisfactorily interpreted. 

SUMMARY 

The thiamine concentration and content of the organs and 
tissues of 15-day and 18-day chick embryos, and of day-old 
chicks, were determined by the macro fermentation method. 
In the 18-day embryo the liver showed the highest concentra- 
tion (4.5 ng/100 gm), followed by kidney (2.4), brain (1.8), 
muscle (1.8), gastrointestinal tract (1.0), and heart (1.0). 
The embryo at this stage showed a concentration of 1.1, the 
yolk 1.5, with the membranes and fluids intermediate. The 
corresponding values for the 15-day embryo are similar but 
those for the one-day chick are generally lower. 

The total content is greater in the brain at 15 days than in 
the liver (1.5 as compared to 1.0 gg). By 18 days the liver 
contains the most thiamine (2.0 v^g), followed bv brain (1.4), 
gastrointestinal tract (1.3), kidney (0.3), and heart (0.1). In 
the daj -old chick, liver and gastrointestinal tract have high 
thiamine contents (3.2 and 2.9), followed by brain (1.1), yolk 
(0.5) and heart (0.3). These values ax-e compared with those 
. previously reported for embryo and adult tissues. 
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When cotton rats (Sigmondon Mspidus liispidus) were 
maintained on a purified diet for II weeks after weaning, 
their molar teeth were found to have been susceptible to the 
initiation and development of carious lesions (Shaw, 
Schweigert, Mclntire, Elvehjem and Phillips, ’44). IWien 
the sucrose in this ration was replaced by dextrin or starch, 
the amount of tooth decay in cotton rats maintained on the 
resulting rations was much lower than in litter mates fed 
the sucrose ration (Schweigert, Shaw, Phillips and Elveh- 
.ieni, ’45). The feeding of mineralized whole milk as the sole 
source of nutrients, or of diets produced by the isocaloric 
replacement of part of the sucrose by lard, buttevfat or 
casein, resulted in a decreased initiation and development 
of carious lesions (Schweigert, Shaw, Zepplin and Elvehjem, 
’46). 

The effect of mastication on dental ^caries in the cotton 
rat was studied by extraction of the molars in one upper 
quadrant prior to the beginning of the experiment (Shaw, 
’47). The results indicated that there was a much less im- 
portant elTect of mastication of the purified diet upon the 
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dental caries attack rate than had been observed previously 
in the white rat fed the coarse, Hoppert-Webber-Cannitf diet 
(Sognnaes, ’41; Ginn, ’42). However, cotton rats fed either 
the purified diet or a ration composed of whole milk solids 
in liquid form had substantially lower average numbers and 
average extents of carious lesions than litter mates fed the 
same rations in dry form (Anderson, Smith, Elvehjem and 
Phillips, ’48). 

Mechanical lesions are not known to precede the initiation 
of tooth decay in human teeth. Therefore, for any animal 
to be used for fundamental caries research it is of consider- 
able importance to explore the relationships of diets with 
a wide variety of physical properties to the maintenance of 
teeth. The present series of experiments was conducted with 
cotton rats to study: (1) the morphology of the carious 
lesions in relation to tooth structure and masticatory 
stresses; and (2) the effects of diets of varying particle 
size and varying consistency on the production of tooth decay. 

EXPERIMENTAL 

The cotton rats used in these experiments were the off- 
spring of animals which had been selected for breeding pur- 
poses through several generations because of their high and 
predictable susceptibility to tooth decay. Stock colony cot- 
ton rats were fed the ration composed of natural foodstuffs 
described previously (Shaw, ’47). From weaning until the 
termination of an experiment, control and exiierimental 
rats were housed in individual cages with floors made of 
coarse wire screen. 

Ration 100, a slight modification of the caries-producing 
diet of Shaw, Sehweigert, Meintire, Elvehjem and Phillips 
(’44), was used as the basal ration. The composition of 
ration 100 and its various isocaloric modifications are pre- 
sented in table 1. When these rations were offered ad libitum, 
with ample drinking water, a high percentage of the rats 
grew well and seemed to be normal in activity and appear- 
ance for the duration of the experimental periods. Some 



TABLE 1 

ComposUion of ration in prams of each constituent 


CAKIOUS LESIONS IN COTTON EAT MOLAES 


277 


t>. ^ UO ‘ M Cl 


ca Cl Cl o 

Cl T-i T-J 


00 


00 


m d Cl d 


lO CO 'If Cl Cl 


'<if uo 'if Cl d 


-if ira -if d Cl 


■2 ^ 
S s 


o 

O 33 
« C 3 


rJf 


'^if 


05 


d 


'if 

Ttf 








i—f 

0 

nri p 


-^Jf 

w 'if 

d 

Cl 

0 

0 

06 

3 Ph 


Cl 




Cl 


in 

a 

0 9 ' 







00 


c^.S • 


Tif 

iq 

Ttf Cl 

cl 

0 

-if 

rtf 



d 




Cl 


(O 

0 a 
a CJ 
















00 


*H 


Tif 

JO 

-if Cl 

cl 

0 

-if 

-if 

^ 0 

ci 


Cl 




rH 


ea 

^ to. 









' a 







r-j 

C 5 

! a®' 

0 

Mf 

10 d 

-if Cl 

Cl 


ci 

-if 

Cl 

^ ' 

Cl 

r-l 



1-t 

-if 




S-gj 




o 


ac 


33 


O rs 


s O 

CG Pi 


P 


S o 

*3 s 

<A U, 


o 

‘y u 

^ > *2 

.2 ^ P § 

" " ^ « = 

' a 


I'H 




ti o c: V, r* :3 

OOPcOrH?^OP 


S to2 >- S 

S Ss & ^ « 

a o M c£ 
C? .a* 


c? o 

|:g 

S O 

o 


o <= 

“a 

o m 

a| 
2 a 

40 (D 


.S O 


O 

to 

a 

o 

o 

’o 

o 

40 

DQ 

o 

to 

o 

o 

40 

^C3 

ci 


, V ii 

t rt*-* 


*3 CO 

a o 
dS 

cj 

i o-^ 

a P 


a o « 

tJD'P »-> O 

^ *S 


u o 


to g ^ 


_ I o 
^ O CO 'g^ 

^jSl'S I g 
3 ^ r§ 
ci ? . 1-1 F— t Q a 

o o j-i o P .a 
S P -S 

CO CH CJ Ti 

a o -i-t o 

i=j b tfi**-< a 
P a SP o >- 
[L ^ o to 
0^0 toc.a 
'O S J:; ^ 

^ ^ CO ^ o o 

« o „ 


^S- 

'S^-g -'«'X 

,,033,2 5 ? . 

^ ^ O tn 

” g a ri 5 a f-f 

c ^ c o a-s^ 

o :: to*a cr .. 
-*;» g o a: as 

a .3 m o o ,53 

g a CO a ji, C3Q 

*?} ..qH 

fc. a o I a Ph 

^ Ci»cj to ( JLi . 

-. 75 ‘c s ^ - 

« 'T ®<L^ 

2 ^ as o N ’^.p 

3 P CJ »-< a 3 ^ 

r 3 -g 3 f s 17 


' a r-f a 



278 


JAMES H. SHAW 


deaths occurred, due usually to iutercurreut infections, oc- 
casionally to the formation of hair balls in the stomach, but 
independent of the composition of the ration. 

In the first experiment cotton rats were maintained on 
ration 100 for varyiug periods of from 6 to 14 weeks to pro- 
vide histologic material. Litter mates were sacrificed at suc- 
cessive intervals by ether anesthesia, decapitated and the 
heads fixed in a 10% formalin solution for 48 hours. An 
upper and a lower quadrant were used to evaluate the num- 
ber and extent of carious lesions by the grinding and obser- 
vation procedure (Shaw, Schweigert, Mclntire, Blvehjem 
and Phillips, ’44). The other quadrants were dehydrated 
and imbedded in methyl methacrylate (Sognnaes, ’47). A 
sagittal anteroposterior ground section was made of each 
jaw for detailed study of the carious lesions. 

In the second experiment various isocaloric modifications 
of ration 100 were made to alter the particle size of its 
components and to alter the texture and the consistency of 
the resulting rations. The approximate energy value of that 
aliquot of each ration listed in table 1 was 409 cal,, as calcu- 
lated with the Atwater standards of 4, 9 and 4 cal. per gram 
of carbohydrate, fat and protein, respectively. No accurate 
energy value could be assigned for the 4 gm of liver con- 
centrates in the above aliquot of each ration. 

In the first series of rations (120, 130 and 140) progressive 
increases in the fat content were made by the isocaloric 
substitntion of 4, 8 or 12 gm of lard for 9, 18 or 27 gm, 
respectively, of each 67 gm of sucrose in the basal ration. 
These levels of substitution were chosen so that two would 
be lower and the third slightly higher than the lower level 
at which a reduction in tooth decay was observed by Schwei- 
gert et al. ( ’46). In this way a closer estimate could be made 
of the lowest level of fat and the highest level of sucrose 
at which a substantial reduction in the average number and 
extent of carious lesions per cotton rat could be produced, 
klarked differences in the consistency of the ration resulted 
with isocalorie substitution. A progressive decrease in the 
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granular, particulate texture wliieh was characteristic of 
ration 100 and a progTessive increase in the greasiness and 
plasticity of the rations was observed with each increase 
in lard content and decrease in sucrose content, until ration 
140 had the consistency of a somewhat gTanular, malleable 
dough. 

The particle size and consistency of rations 100, 130 and 
140 were altered by replacement of the granulated sucrose, 
the only coarse ingredient, by finely powdered sugar in order 
to give rations 104, 134 and 144. Ration 104 was extremely 
fine and almost dusty in nature, and its particles did not 
adhere to each other. The particles in rations 134 and 144 
had an increasing tendency to adhere to each other, but did 
not feel as greasy and were not as pasty or malleable as 
their counterparts (130 and 140) prepared with granulated 
sucrose. On the basis of appearance and touch, ration 144 
could be described as being roughly comparable in con- 
sistency to ration 120 which contained much less fat. 

The consistency of rations 100, 120, 130 and 140 was also 
altered by the incorporation in the rations of cellu flour, 
which has been shown independently to have no etfeet on the 
initiation and development of carious lesions in the cotton 
rat (Howell, Schlack, Taylor and Berzinskas, ’48). The 
presence of cellu flour materially decreased the greasy tex- 
ture of the rations and maintained them in a more particu- 
late foi-m due to the greater dispersion of the fat, but did not 
alter the relative distribution of calories from fat and car- 
bohydrate nor the relation of calories to minerals and vi- 
tamins. 

In another series of rations the sucrose was entirely re- 
placed by either fine or coarse dextrin (ration 101 and 102, 
respectively). The fine dextrin had particles which were 
sufficiently small to pass readily through a 60-mesh sieve. 
The coarse dextrin was composed of particles of varying 
size : 30% were retained on a 20-mesh sieve and an additional 
50% were retained on a 60-mesh sieve, while the remainder 
passed through both. Ration 101 had a consistency and 
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powdery nature similar to those of ration 104, where 
sucrose had been replaced by powdered sugar. Eation 102 
was much coarser than ration 100 and was outstandingly 
different from other rations studied because of the extensive 
mastication necessitated in the consumption of the coarse 
and flinty dextrin particles. 

The litters of cotton rats used in the second experiment 
were distributed as equally as possible among the control 
and experimental groups. All animals were continued on the 
dietary regimen for 14 weeks, when they were sacrificed 
and the heads fixed in 95% ethanol. The number of carious 
lesions and the amount of tooth substance involved in each 
lesion were evaluated by the grinding and observation pro- 
cedure of Shaw, Schweigert, Mclntire, Elvehjem and 
Phillips (’44). 


EBSULTS 

A series of photomicrographs of gTound sections is pre- 
sented in figures 1 to 6, inclusive, to indicate certain types 
and stages of the carious lesions which develop in the molars 
of cotton rats. A description of the anatomical characteris- 
tics of the molar teeth and of the readilj’' visible carious 
lesions accompanies the illustrations. 

Accumulation of food debris 

The sulci (grooves) usually contain some debris, which 
differs widely in amount, color, histologic appearance and 
readiness with which the particles can be removed with a 
fine probe. The presence of such material does not appear to 
be associated necessarily with fracture of the cusps nor with 
an early destruction by carious lesions of adjacent tooth 
structures. Frequently sulci with extensive tooth decav con- 
tain little foreign matter, as in figures 2 and 5 ; certain sulci 
may be full of maternal and yet be accompanied by little or 
no evidence of tooth decay, as in figure 1. "Wlren the grooves 
are as narrow and deep as those in the cotton rat, one would 
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scarcely expect any appreciable interchange of the^ ma- 
terials in the sulci, especially in the ease of fibrous, or tightly 
wedged, particles. Since some particles removed from the 
sulci during the examination for carious lesions resembled 
the stock ration, or fragments of wood shavings, to neither 
of which the rats had had access since they were weaned, 
some particles probably were forced into the sulci pi’ior to 
weaning. 

The accumulation of material was rare on the surfaces of 
the molar teeth which face the cheek, the tongue or the 
adjacent teeth. At times a light brown, hard, “candied” 
residue was observed on the third of the molar crowns 
nearest the gingiva, and ■was especially noticeable on first 
molars. This accumulation was not associated with carious 
lesions of these surfaces and was not sufficiently extensive 
to cause any detectable damage to the supporting’ structures 
of the teeth during the length of the experimental period. 
Soft, pasty residues were observed only on the smooth sur- 
faces of the molars in cotton rats from which the major 
salivary glands had been removed, and even then did not 
appear to be associated with the initiation of lesions (Shaw 
and "Weisberger, ’49). 

Position of carious lesions 

The most common place where carious lesions occurred 
in the molar teeth was at the bases and on the anterior and 
posterior surfaces of the sulci (figs. 2 and 3) ; the next most 
common site was on the surfaces (figs. 2 and 6) in contact 
with the adjacent teeth. Usually the point of orig’in of the 
lesions was a considerable distance below the occlusal sur- 
face. The earliest lesion detected consisted of an area in 
the enamel which was soft and pigmented. The region in- 
volved in these early lesions differed greatly in size, varying 
from a small area of penetration to rather unde, diffuse areas 
of invasion. These lesions occurred prior to any fracture or 
detectable mechanical hijury of the enamel. Lesions on the 
tooth surfaces which face the cheek and tongue were obsei’ved 
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witli extreme rarity. As yet, no subgingival lesions have been 
detected. The exposed dentin on the occlusal surface of tbe 
molars was not readily susceptible to tooth decay. The latter 
type of lesion did occur frequently in third molars in the 
period immediately following their eruption into the oral 
cavity and is particularly extensive in cotton rats, where 
the process of eruption of the third molars is unusually late 

(fig- !)• 

The rate of progress of carious lesions Avas found to be 
very rapid. Well-developed lesions of the enamel Avith slight 
dentin penetration Avere present in highly susceptible ani- 
mals as early as the 5th Aveek on experiment. Almost com- 
plete destruction of the molar croAvns in all quadrants Avas 
obsei’A'ed in some susceptible animals by tbe 10th week. 

Fracture of cusps did not occur prior to initial lesions 
in the molars of cotton rats maintained on ration 100. Wlien 
large areas of molar cusps had been undermined by the 
carious process the forces of mastication Avere sufficient to 
produce secondary fracture AAuth loss of fragments of ena- 
mel and dentin. 

Alterations in particle size and consistency of rations 

The effects of the Amrious purified rations upon the average 
number and average extent of carious lesions during the 
14-Aveek experimental period are presented in table 2. Ration 
120, in Avhich 9 of each 67 gm of sucrose in ration 100 had 
been replaced by 4 gm of lard, did not result in any appre- 
ciable difference in the average number and average extent 
of carious lesions from those Amlues observed for the litter 
mates fed ration 100. The feeding of ration 130, in which 
an additional 9 gm of sucrose had been replaced by 4 gm of 
lard, resulted in a slightly loAver aA-erage number and average 
extent of carious lesions than Avere found in the control 
litter mates. IMien ration 140 Avas fed, Avhere a total of 27 
gm of each 67 gm of sucrose in ration 100 had been isocalori- 
cally replaced by lard, there Avas a strikingly loAver average 
number and aA^erage extent of carious lesions than in the 
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table 2 


The average nimher and extent of carious lesions observed in cotton rats maintained for U 

iveelcs oil ijarioifs purified rations 


RATION 

NO. 

NUMPER OP 
COTTON 
RATS 

NUMBER OP 
CARIOUS 
LESIONS 

C.R.- 

AVEIl^VGE 

extent op 
carious 
lesions 

s.e.m.^ C.B,“ 

100 

120 

14 

12 

24,2 

24.9 

i;' > 0-2 

66 + 

66 + 


100 

130 

29 

27 

27.3 

23.4 

i:; > - 

79 -f 

55 + 

li > 

100 

140 

15 

Id 

24.8 

15.9 

’d > 

65 + 

27 + 

li > 

100 

101 

11 

8 

27.0 

28.9 

2T > 

78 + 

88 4- 

’4 > »■» 

130 

131 

9 

7 

25.0 

24.1 

3.1 > 

66 “t” 

52 + 


140 

U1 

8 

9 

15.0 

16.0 

1-3 

1.0 ^ 

22 4^ 

25 + 

ei > »■* 

100 

lOOA , 
lOOB 

6 

8 

7 

26.5 

27.9 

26.0 

1.2 ^ 0,7 

1.7 X 

1.5 0.3 

85 + 

88 + 

89 + 

8 + 0.3 

T+ X 

9+ / 0.3 

120 

120B 

9 

7 

23.7 

21.9 

li > 

59 + 

53 + 

> « 

130 

mA 

9 

7 

20.8 

22.0 

2.8 > <’•3 

40 + 

46 + 

ni > 

130 

130B 

8 

S 

23,8 

23.4 

1.0 

1.8 > 

55 + 

51 + 

»i > »•' 

140 

140A 

8 

0 

15.3 

17.1 

1 9 

1.7 > 

23 + 

29 + 

. !i>- 

ion 

101 

102 

9 

vS 

8 

25.9 

10.4 

4.4 

— 9.8 

1.1 

1.2 ^ lo.G 

— 4.0 

81 + 

23 + 

9 + 

— 13.2 
4+ ^ 

2+ 16.4 

2+ ^ QO 


* Stnndard error of mean. 


’ Critical ratio. 
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lilter-mate controls. On the basis of experimental data, the 
critical level of fat at which occurred a substantial reduction 
in the average number and average extent of carious lesions 
appeared to lie between 13.8 and 19.1%, with no appreciable 
protective effect at a level of 9.1%. Or, to express the re- 
lationship in terms of sucrose, no substantial reduction in 
the average number and average extent of carious lesions 
occurred until the sucrose level was reduced to 52.1% or less 
by isocaloric replacement with fat. 

The substitution of finely powdered sugar for the granu- 
lated sucrose in rations 100, 130 and 140 did not alter the 
initiation and development of carious lesions in the cotton 
rat. Similarly, the addition of indigestible material in the 
form of cellu flour to rations 100, 120, 130 and 140 did not 
affect the initiation and development of carious lesions. 

The complete replacement of the granulated sucrose in 
I’ation 100 by fine or coarse dextrin resulted in stx’iking 
reductions in the average number and average extent of 
callous lesions, as reported previously (Shaw, Sehweigert, 
Mclntire, Elvehjem and Phillips, ’44). The ingestion of ra- 
tion 102 containing coarse dextrin resulted in an extensive 
degree of attrition and a widespread initial fracturing of 
the molar cusps, with a resulting modification of the normal 
structural characteristics of the grooves. Those few carious 
lesions in the cotton rats fed the coarse dextrin diet were 
most frequently found on the dentin surfaces exposed by 
these fractures and not on the few remaining intact enamel 
surfaces. The effect of the replacement of granulated sugar 
by coarse dextrin appeared to entail not solely a replace- 
ment of the form of carbohydrate but, in addition, a modifi- 
cation of the structure of the teeth and, possibly in this way, 
a modification of caries susceptibility. 

No more attrition or fractures occurred in the molars of 
cotton rats fed the fine dextrin diet 101 than in those of 
their litter mates fed ration 100. The carious lesions pro- 
duced in cotton rats fed diet 101 were characteristic of early 
lesions in control animals and appeared to progress ex- 
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tremely slowly. Since cotton rats disliked tke finely powdered 
dextrin diet sufficiently that they refused or spilled a high 
percentage of the amount offered, an insufficient quantity 
was eaten to allow normal growth and well-being. Undoubt- 
edly this has been a complicating factor in the initiation and 
development of carious lesions on this dietary regimen. A 
comparably drastic caloric restriction has been found to be 
associated with a greatly reduced incidence and extent of 
carious lesions in the cotton rat (Shaw, ’48). Thus the feed- 
ing of diets where the sucrose had been replaced by either 
coarse or fine dextrin resulted in complications which could 
not he attributed to the replacement of sucrose per se. 

Rates of growth 

The average rates of growth during the experimental 
periods and the average final body weights for the various 
groups of cotton rats in these investigations were normal, 
uith one exception. The cotton rats fed the fine dextrin diet 
grew at a much slower rate and attained much lower final 
body weights than the litter mates fed ration 100. Eations 
104, 134 and 144, in which the sucrose had been replaced by 
powdered sugar, allowed the same rates of growth and final 
body weights as their counterparts, 100, 130 and 140. The 
fine particle size of the powdered sugar materially affected 
the over-all particle size and consistency of the rations but, 
except for the occasional animal fed ration 104, the rations 
containing powdered sugar were not disliked by the cotton 
rats to such an extent that reduced amounts were eaten. 
Despite the compax-able particle size of the components of 
rations 104 and the fine dexti’in ration, 90% of the cotton 
rats offered the former ration ate it and did well, while all 
the animals offered the fine dextrin ration ate little and grew 
poorly. Part of the difference in the acceptance of the two 
rations seemed to be due to the ability of the corn oil to 
cause the particles of powdered sugar to adhere loosely, 
whereas the same amount of corn oil was insufficient to cause 
any binding of the fine dextrin particles. The addition of 
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various amounts of cellu flour to tlie diets did not consistently 
alter tlie rates of growth of the cotton rats in these experi- 
ments. Similarly, supplements of cellu flour did not increase 
the survival rate of cotton rats fed purifled rations, as has 
been suggested previously by Howell, Schlack, Taylor and 
Berzinskas (’48). Survival in the above expei’iment seemed 
to be dependent to a great extent upon the unpredictable 
pi'esence or absence of intercurrent infections in the animal 
quarters. 

DISCUSSION 

Histologic studies of the molar teeth from cotton rats 
which had been maintained on purifled ration 100 failed to 
indicate the presence of any mechanical injury of the cai'ies- 
susceptible enamel surfaces previous to the initiation of 
carious lesions. Since the grooves in cotton rat molars are 
extremely narrow, and since most early carious lesions were 
initiated toward the bases of the sulci or on the surfaces 
adjacent to other teeth, the caries-susceptible areas would 
appear to be well protected from physical trauma. The re- 
placement of sucrose, the only coarse constituent in rations 
100, 130 and 140, which require little mastication, by finely 
powdered sugar resulted in rations with very finely sub- 
divided particles requiring no appreciable amount of masti- 
cation. The fact that this reduction in particle size did not 
alter the initiation nor the rate of development of carious 
lesions further indicated that these conditions are not de- 
pendent upon preliminary injury to the enamel surfaces. 

Tests on the replacement of the soluble carbohydrate, 
sucrose, by a less soluble one, dextrin, were inconclusive be- 
cause of certain uncontrolled variants: partial caloric re- 
striction in the case of replacement by fine dextrin, and 
extensive abrasion and fracture in replacement by coarse 
dextrin. One point demonstrated by these studies was that 
fracture of the tooth sui’faces in the cotton rat is not neces- 
sarily associated with a high degree of initiation and de- 
velopment of carious lesions; extensive fractures could be 
associated with a lower incidence of dental caries than when 
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tli6 samp diot was fsd in a form not conduciv© to mscliaiii- 
cal injuvy of the teeth. In this regard there is a clear-cut 
difference between the early experiments with the common 
laboratory rat using the coarse particle, Hoppert-Wehber- 
Canniff diet and investigations in the cotton rat using puri- 
fied rations. 

The mechanism by which isocaloric replacement of dietary 
carbohydrate caused reductions in the initiation and de- 
velopment of carious lesions needs considerable further 
investigation. Once the ratio of fat to sucrose in a ration 
had been increased until a slight reduction in the incidence 
and extent of carious lesions occurred, a small further in- 
crease in this ratio resulted in a further rather considerable 
reduction in the dental caries experience. The ration (140) 
with the highest fat -.sucrose ratio contained 44.9% by 
weight of the digestible components as sucrose and had a 
fat content of only 19.1%. Yet cotton rats fed this ration 
had a 36% lower average number of carious lesions and a 
59% lower average extent of carious lesions than the control 
litter mates. The various fat : sucrose ratios tested had the 
same effect upon the initiation and development of carious 
lesions regardless of whether the carbohydrate in the ration 
was coarse granulated sucrose or fine powdered sugar or 
whether large amounts of cellu flour had been added. By 
both procedures, rations with increasingly higher fat : su- 
crose ratios could be produced in more particulate, some- 
what non-gveasy forms instead of greasy masses through 
the distribution of the fat over a greatly increased number 
of particles, both with and without a dilution of the nutri- 
ents by an inert, non-nutritious material. The lack of a 
demonstrable relationship betw^een the consistency of the 
ration, the distribution of the fat over a large or small num- 
ber of particles, and the initiation and development of 
carious lesions in the cotton rat strongly suggests that the 
increasing fat content of the diet was not effective in re- 
ducing^ the dental caries attack rate through a mechanical 
alteration in the form of the diet or its constituents. 
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SUMMARY 

1. Carious lesions in cotton rats maintained on purified 
rations were most common deep in the sulci and on the 
proximal surfaces of the molar teeth. Occasional lesions were 
found on exposed dentin of the occlusal surfaces, but almost 
none on surfaces which face the cheek or tongue. 

2. Histologic examination of ground sections of cotton 
rat jaws indicated that the carious lesions in the sulci and 
on the proximal surfaces began on intact enamel surfaces 
well below the occlusal plane. There was no evidence of frac- 
ture previous to the initiation of carious lesions except in 
those cotton rats fed a ration in which sucrose had been 
replaced by coarse dextrin. 

3. The isocaloric replacement with lard of 9 gm of each 
67 gm of sucrose in the basal ration did hot alter the number 
nor the extent of carious lesions in the cotton rats. The iso- 
caloric replacement by lard of 18 gm or 27 gm of each 67 
gm of sucrose in the basal ration resulted in increasingly 
significant reductions in the dental caries attack rate. 

4. The complete replacement of the sucrose in rations 
with varying fat content by finely powdered sugar altered 
the particle size of the rations greatly hut did not result 
in any alteration in the average number nor in the average > 
extent of carious lesions. 

5. The addition of large amounts of crude .indigestible 
fiber in the form of cellu flour to rations with varying fat 
content greatly altered the consistency of the rations but 
did not alter the average number nor the average extent of 
the carious lesions. 

6. Replacement of sucrose in the control ration by fine 
or coarse dextrin resulted in highly significant reductions 
in the dental caries experience. These reductions could not 
be attributed entirely to the simple replacement of a soluble 
cax’bohydrate by a less soluble or insoluble one. 
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DETERMINATION OF SOME ESSENTIAL AMINO 
ACIDS IN SEVERAL UNCOOKED AND 
COOKED MEXICAN FOODSTUFFS 

GTJILLEKMO H. MASSIEU, JESUS GUZMAN, 

KENE 0. CEAVIOTO AND JOSE CAEVO 
Insiiiuio de Salulridad y Enfermedades Tropicales, VepartameJito de 
EuirioXogxa, Esquina de Lago Iseo y Lago BoUena, 

Col, Analiuac, Mexico, B,F, 

(Keceived for publication December 11, 1918) 

Wbile in other countries meat, eggs, and milk are the 
principal sources of protein in the diet, in Mexico they are 
not commonly used, because of their excessive cost or be- 
cause of traditions very firmly established among the people. 
The usual Mexican diet among the poorer classes consists 
chiefly of corn, beans and pulque, supplemented with some 
vegetables, among which chiles and, in the city of Mexico, 
rice are outstanding. 

The present study has as its purpose to add to our knowl- 
edge the nutritive value of these foodstuffs. Data con- 
cerning their calorie, vitamin, and mineral content may be 
found in the articles of Cravioto et al. ( ’45b) and Cravioto 
and Miranda (’47) but little is known of the quantities they 
contain of the so-called essential amino acids. Am ong the 
first papers of this kind relating to Mexican foods is that 
of Giral and Cravioto (’41) on the threonine content of 
corn, but there is no information available concerning food 
products prepared for consumption. For this reason the 
present study also considers the composition of tortillas, 
cooked beans, and cooked rice. It is the belief of the authors 
that the basic principle for judging whether a source of 
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experimental procedure 
Samples 

vulgaris L ) a m Mexico, palacio beans (Phaseolus 

Sn^tb^ee to Tl water by 

■what is called in TVr ftr atmospheric pressure to obtain 
As with the corn n olla” (stewed beans). 

and^ooked bea-^' starch was removed from both the raw 

The rice used w J^ ^ aiodification of the method of Doty. 

— d^ M" 

technioue for iLo ^ ^ wkich was cooked using the 

\77rrt u T?T'T «“<=»-” MIows: 

and then ivith discarded 

rice is dralS ‘o°i (1>) the 

the\Lt “;"atinl““ 5 to 10 Lin., 

water and cooked for half an hn covered with 

water as necessarv TT addmg salt to taste and 

cooked ricrwereTeat^r^^^^^^^^ f 

for 16 hours fn ror! ^ Soxhlet extractor 

ground with mortar°rnd pes^e 

P-Or A saTTiriln 4? 1 dried in vacuo over 

w'as taken 3 tlL ‘""i'’"® pnlqne) 

vious treatment. **“" without any special pre- 
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Nitrogen analysis 

For tlie corn, tortillas, raw beans and cooked beans, the 
micro-Kjeldahl method was used on duplicate samples of 
10 to 20 mg dried over P2O5. For the raw and cooked rice 
the method of Kjeldahl was used on samples of 0.5 gm dried 
as in the previous case. The pulque was analysed by the 
Kjeldahl method, using samples of 25 ml. 

Preparation of samples for analysis 

Hydrolysates were made on duplicate samples of 100 mg 
of corn, tortillas, and raw and cooked beans, and of 1.0 gm 
of raw and cooked rice, each with 10 ml of 10% HCl, by 
autoclaving 10 hours at 15 lb. for the determination of all 
amino acids except tryptophan. For this last determination hy- 
drolysis was carried out at 15 lb. for 10 hours with 5 ml of 
5N NaOH on samples of 50 mg for corn, tortillas and raw 
and cooked beans and of 0.5 gm for raw and cooked rice, 
the last two with 10 ml of 5 N NaOH. For the analysis of 
pulque, 500 ml were hydrolyzed with HCl added to give a 
final concentration of 10%. To make the alkaline hydrolysate, 
20 gm of NaOH were added to 100 ml of pulque, giving a 
concentration of approximately 20%. Both samples were 
hydrolyzed at 15 lb. for 10 hours. The samples were all 
neutralized and the pH adjusted to 6.8 after elimination of 
the humin. They were diluted as desired. 

Amino acid analysis 

The microbiological method of Stokes et al. (’45) was 
employed for the determination of amino acids, utilizing 
Streptococcus faecalis and Lactobacillus delbrilcTcii LD5. In 
some cases (beans, cooked beans, rice, cooked rice, and 
pulque) 2.5 ml of the basal medium were used instead of 5 
ml, with the same dilution of the inoculum. The standard 
solutions were made at the same concentration as in the 
original method ; the final volume in the tubes was 5 ml. 
The acid produced during incubation was titrated with 0.025 
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Tlio starch was removed by salivary digestion. 
Data from Mitchell and Block (^46). 
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NNaOH except in the determinations of phenylalanine, in 
which ease O.OoNNaOH was used. Eecovery tests were 
carried out by adding known amounts of amino acids to 
samples of corn and tortilla prior to hydrolysis, using 2.5 
ml of basal medium per tube. 

EESULTS 

The amino acid content of the foods analyzed, with the 
exception of the pulque, is reported in per cent of total 
protein as referred to dry matter. As recommended by the 
United States Department of Agriculture (’31), the factor 
6.25 was used to calculate the protein content of the corn, 
tortillas and beans (cooked and uncooked), and the factor. 


TABLE 2 

Jwino acid content of the pulque 


NITBOGEX 



AMINO ACID CONTEXT, IN MG PER 100 ML 



CM PEE 

100 ML 

L>Bvne 

Tr\pto- 

phan 

Hish- 

dine 

Phenjl 

alanine 

LeU' 

cine 

Threo- 

nine 

Slethio- 

nine 

Valine 

Arginine 

0.14 

16.2 

2.7 

4.7 

11.2 

10.5 

6.4 

0.7 

6.6 

10.9 


5.95 for the raw and cooked rice. The results are reported 
in table 1 with the exception of those relating to the pulque, 
which appear in table 2, where the amino acids are expressed 
as milligrams per 100 ml. We wish to point out that in the 
case of rice cooking causes an appreciable loss of nitrogen, 
probably because the wash Avaters Avhich Avere discarded 
removed some nitrogen compounds. In terms of dry matter, 
uncooked rice and the same rice cooked contained 1.32% and 
1.17% of nitrogen, respectively. 

In table 3 there is a comparison of the data that Ave have 
obtained for Avhole eoim and rice, on the basis of 16% of 
nitrogen. We have not found any reports on the amino acid 
composition of the bean studied (Phaseolus vulgaris). There 
are only references to the a and 6 globulins in the black beans 
ot the klayas, in Avhich Jones et al. (’38) found some amino 
acids. 
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‘Block and Bolling (’45). 

‘Hornetal. (’46, ’47a, ’47b, ’47c, ’48a, ’48b, ’48c). 
‘Scbwcigert (’48). 

‘Block (’45). 
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Recoveries of known amounts of amino acids added to 
substances prior to hydrolysis are quantitative within ±: 5%. 
The results are reported in table i. 

Generally speaking, our data on the amino acid content 
of Avhole corn and rice agree with those reported by several 
investigators. Our data on threonine and methionine in 
whole corn and on arginine, methionine and phenylalanine 
in rice ai’e not in accord with those of some authors. We be- 
lieve that the disagreements are due to some extent to the 
different methods employed for the analysis of the amino 

TABLE 4 


Eccovery of amino acids added to 'proteins prior to hydrolysis 
(Alilligrams per gram of dried material) 


Aiiiyo ACID 

SAMPLE 

COXTEKT 

added 

TOTAL 

FOUND 

PER CENT 
• RECOVERY 

Threonine 

Tortilla 

12.7 

15.0 

27,7 

26.5 

96 

Vniine 

Tortilla 

19.9 

20.0 

39.9 

40.7 

102 

Phenyl* 

alanine 

Tortilla 

16.0 

15.0 

31.0 

30.0 

97 

Leucine 

Tortilla 

71.9 

75.0 

146.9 

145.5 

99 

Methionine 

Tortilla 

6.6 

5.0 

11.6 

11.8 

102 

Arginine 

Tortilla 

14.0 

15.0 

29.0 

30.2 

104 


Corn 

19.7 

15,0 

34.7 

36.8 

105 

Histidine 

Tortilla 

6.5 

5.0 

11.0 

11.3 

98 


Corn 

lOM 

5.0 

lo.O 

14.3 

95 

Lysine 

Corn 

10.4 

10.0 

20.4 

19.4 

95 


acids. On the other hand, possibly they may be due to the 
differences that Doty et al. (’46) observed in the amino 
acid content of corn because of the influences of genetic fac- 
tors, and also to the fact, observed by Kik (’41), that the 
use of fertilizers affects the amino acid content of rice. 

DISCUSSION 

If we accept the criterion of Mitchell and Block (’46), it 
is important to evaluate the quality of a protein with respect 
to its amino acid content by comparing it with whole egg. 
Experiments, based on growth in the rat, carried out by 
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these authors show whole egg- protein to be perfectly bal- 
anced in amino acids. For this reason, at the bottom of table 
1 are shown the figures reported by Mitchell and Block for 
whole egg. In this manner we can calculate the biological 
value of the foods analyzed in spite of the lack of data con- 
cerning isoleucine, tyrosine, and cystine, the last two being 
considered semi-essential by Block and Bolling (’ll). 
Practically the same criterion has been upheld by Giral 
(’43), Avho compared the quantity of amino acids furnished 
by various foods with that furnished by eating two eggs 
daily, Avhich he considers to contain sufficient essential 
amino acids. 

According to the point of view of Mitchell and Block, then, 
it can be stated that corn is more deficient in lysine than in 
tryptophan, and that beans are deficient in methionine. Bice 
is also deficient in lysine but not in tryptophan. A deficienej’^ 
in methionine can also be seen in corn and rice. The other 
amino acids deviate less from the quantities in which they 
appear in whole egg proteins. It must, howeA’^er, be borne 
in mind that such a comparison can only be a rough one, 
because of the differences in the methods of amino acid 
analysis employed by Mitchell and Block for the Avhole egg 
and by the present authors for the foodstuffs Ave analyzed. 

From the results obtained it can be inferred that beans 
can compensate to a certain degree for the lack of lysine in 
corn and rice and, on the other hand, that rice can compen- 
sate for the deficiency of tryptophan in the other tAVO. But 
on a diet of beans, corn, and rice combined in the propor- 
tions in AA'hich our people consume these foods, the deficien- 
cies of lysine and tryptophan would not be compensated for. 
From the information obtained from various suiweys by 
Anderson et al. (’46) and Calvo et al. (’46) it is knoAvn that 
in the Mexican diet tortillas predominate in quantity over 
beans and I'ice. According to Miranda (’47), tbe daily intake 
of the average Mexican is 216.2 gm of corn, 22.5 gm of beans, 
and 11.6 gm of rice. This diet is not balanced Avith respect 
to lysine and tryptophan. 
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The results obtained with the pulque (see table 2) should 
be considered tentative. Since the nitrogen in this drink can 
vary within Avide limits, determinations on a large number 
of samples are necessary to obtain definite figures. We can, 
however, say that the results show that considerable 
amounts of amino acids, particularly lysine, must be obtained 
from the large quantities of pulque that certain sectors of 
the population drink. 

The changes produced by heat processing in different 
foods with respect to transformations in the composition of 
amino acids have been brought out as much by experiments 
with rats as by chemical and microbiological analysis. There 
is the work of Olcott and Fontaine (’41), who found that by 
autoclaving cottonseed meal its biological value is lessened 
and that by the addition of lysine the value returns to nor- 
mal. Block et al. (’46) found in the same Avay that the de- 
crease in biological value of a cake mix of several foods by 
heating is due to the transformations that occur in the 
lysine constituent. Greaves et al. (’38) observed that casein 
heated at 140° C. for 30 min. loses lysine and histidine with- 
out damage to cystine, tyrosine and tryptophan. Block et al. 
(’34) found by chemical analysis that the lysine content does 
not change materially in casein heated at 150°C. Mitchell 
and Block (’46) noted slight changes in the amino acid con- 
tent of a corn-oats-rye mixture submitted to the procedure 
of “gun explosion’’ to obtain “rolled oats.” These authors 
reported changes principally in the lysine (9.5%), valine 
(11.2%), and isoleucine (12.6%) content. However, they con- 
sider that there is not fundamentally a change in the com- 
position of the mixture. Patton et al. ( ’48) analyzed casein 
by microbiological methods before and after heating it with 
glucose by reflux for 24 hours and found losses in lysine 
(26%), arginine (30%), and tryptophan (39%). 

The present authors found (see table 1) changes I’esult- 
ing tiom the cooking of beans under the above conditions 
that amounted to only 9%, in leucine and about 8% in lysine. 
Rice when cooked suffers its greatest change in its trypto- 
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plian content (13.3%). IVe consider that these changes do 
not essentially alter the composition of the analyzed foods 
from the standpoint of nutrition, notwithstanding that they 
are slightly beyond the range of error of the amino acid 
assay (±5%). 

In the same manner we can see the variations that corn 
undergoes in passing from the raw state to that of the tor- 
tilla, These changes are principally characterized by losses 
in tryptophan (30%), threonine (26%), histidine (25%) and 
arginine (16%), and they go far beyond the range of error 
of the method for the amino acid assay. We did not find in 
the literature any reports on tortillas themselves nor on 
other foods that had been treated in the same way, and we 
believe that the observed changes, though they may seem 
excessive, are not produced by simple heating alone since 
the preparation of the tortilla involves the heating of corn 
with a Ca( 0 H )2 solution for almost an hour and further 
cooking in the “comal” (hot plate). The changes in amino 
acids may be due not only to the action of the heat hut in 
part to the action of the hot Ca( 0 H )2 solution, possibly to 
partial racemization of tbe proteins such as Leveue and 
Bass (’28) observed in casein heated with different NaOH 
solutions. 


SUMMARY AND CONCLUSION 

1. Nine essential amino acids were determined in corn, 
tortillas, beans (cooked and uncooked), rice (cooked and 
uncooked), and pulque, using the microbiological method. 

2. Compared with whole egg, the corn, tortillas, and un- 
cooked rice were deficient in lysine. Corn and tortillas were 
also deficient in tryptophan, and beans in methionine. 

3. In preparing tortillas considerable changes occur in 
the tryptophan, histidine, threonine, and arginine content of 
the corn as determined by microbiological analysis, using 
Streptococcus faecalis. Beans when cooked show practically 
no such changes. Similarly, rice remains essentially the same 
on being cooked. 



AMINO ACIDS IN MEXICAN FOODS 


303 


4. Appreciable quantities of amino acids, especially ly- 
sine, were found in pulque. 
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ONE EIGUEE 

(Received for publication February 7, 1949) 

Rutin, the rhamiio-glucoside of quercetin, became the sub- 
ject of study in this laboratory following its recent large- 
scale isolation from buckwheat (Eskew, Phillips, Griffin, 
Shaines and Aceto, ’48). The value of flavones and flavonols 
in the treatment of hemorrhagic diathesis has been sum- 
marized in Nutrition Reviews (’43, ’44) and the British 
Medical Journal (’47). Bentsath, Rusznyak and Szent- 
Gyorgyi (’36) reported that a beneficial etfect of “citrin” on 
vascular permeability could be demonstrated experimentally 
in guinea pigs. These authors showed that guinea pigs on a 
scorbutogenic diet could be kept alive longer with a daily 
supplement of 1 mg of “citrin” than without it. Prom this 
evidence they postulated the existence of vitamin P, a sub- 
stance other than ascorbic acid required by scorbutic guinea 
pigs. 

In a later article Bruckner and Szent-Gyorgyi (’36) re- 
ported that “citrin” was not a pure substance but consisted 
of a mixture of hesperidin and eriodictyol glucoside. Bent- 
suth, Rusznyak and Szent-Gyorgyi (’37) have shown that 
hesperidin, or an impure sample of demethylated hesperidin, 
obtained from the mother- liquor of “citrin,” possessed 
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“vitamin P” activity in scorbutic guinea pigs. They drew 
the general conclusion that the syndrome of experimental 
scurvy is due to a combined deficiency of vitamins C, and P. 

Zilva (’37a, ’37b) repeated tbe work of the above authors 
and concluded that neither citrin, hesperidin, nor a mixture 
of hesperidin and eriodietyol, in doses of 1 mg, caused any 
delay in the onset of scurvy or the fatal termination of the 
disease in guinea pigs on a scorbutogenic diet. Moreover, 
post mortem examination of the animals confirmed this con- 
clusion. The contradictory results obtained by Bentsath, 
Rusznyak and Szent-Gyorgyi (’36, ’37), and Zilva (’37a, 
’37b), have been explained by Zilva (’37b) and by BentsMh 
and Szent-Gyorgyi (’37) as being due to the presence of 
traces of ascorbic acid, in amounts lower than the minimum 
prophylactic dose, in the scorbutogenic diet or the “citrin” 
used by the former workers, while the materials used by 
Zilva did not contain ascorbic acid. In a later article Szent- 
Gyorgyi (’38) reported that he was unable to reproduce his 
previous results and Moll (’38) came to the conclusion that 
hesperidin, among other things, did not effect the symptoms 
of guinea pigs on a vitamin C-free diet or on one containing 
a trace of the vitamin. 

The present experimental work was undertaken to de- 
termine whether rutin, or its aglycone quercetin, would sup- 
plement or have a sparing action on subminimum doses of 
Z-ascorbic acid in guinea pigs on a scorbutogenic diet. 

GENERAL EXPERIMENTAL PROCEDURE 

One hundred and seven young guinea pigs of both sexes 
ranging in weight from 209 to 425 gm (average, 318 gni) 
were divided equally, as nearly as possible, with reference 
to number, sex, and weight into 6 experimental groups in 
the following way : experiment 1, negative control group, 
consisted of 10 male and 9 female guinea pigs, of which 4 
males and 4 females received daily 0.5 ml propylene glycol, 
as a control on the effect of pi’opyiene glycol; in experiment 
2, 10 males and 8 females received rutin; in experiment 3, 10 
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males and 7 females received quercetin; in experiment 4, 9 
males and 8 females received ascorbic acid; in experiment 
5, 9 males and 7 females received botb ascoi’bic acid and 
rutin; and in experiment 6, 8 males and 8 females recewed 
botb ascorbic acid and quercetin. The animals were separated 
with reference to sex and kept in groups of three to 5 in 
screen-bottomed cages. 

All guinea pigs were placed on the scorbutogenic diet de- 
scribed previously (Ambrose and DeEds, ’47), but ■with the 
following modifications : the rolled oats were ground to about 
the same degree of fineness as the bran, and 3 gm of brewers’ 
yeast and 1 gm of salt were added to each 100 gm of diet. 
Food and water were allowed ad libitum. One ml of U. S. P. 
cod liver oil was given to each animal by dropper e'^ery 5 
days throughout the course of the experiment. All guinea pigs 
were weighed once each week. Measured volumes of all sup- 
plements were administered orally to each animal once each 
day. Supplements were prepared as follows: a 40% solution 
of rutin in propylene glycol and a 20% partial suspension 
of quercetin in propylene glycol were prepared fresh each 
week; ascorbic acid solutions were prepared fresh each day, 
just before administration, in glass-distilled water. Through- 
out the description of the experiments, “ascorbic acid” re- 
fers to i-ascorbic acid. Daily observations were made of all 
animals for symptoms of scurvy. At time of death the ma- 
jority of the animals were X-rayed and post mortem exami- 
nations were made for bleeding gums or loosened teeth, 
hemorrhages into pleural and peritoneal cavities, hemor- 
rhages in lungs, viscera and joints, and fragility of the long 
bones. Serum phosphatase determinations were made on 
some of the surviving guinea pigs at the close of the experi- 
ment by the method previously described (Ambrose and 
DeEds, ’47). Of the 107 guinea pigs originally started with, 
only 4 animals were not considered in the evaluation of the 
x'csults because they failed to withstand the rigors of the 
experiment for a minimum of 5 days. 
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RESULTS 

In experiment 1, in which approximately one-half of the 
guinea pigs received 0.5 ml each of propylene glycol daily 
until death ensued, no significant difference in survival time 
was noted between the sexes nor between those receiving 
propylene glycol and those not so treated. The onset and 
severity of the symptoms of scurvy were essentially the 
same for all animals in this group. The symptoms and post 
mortem changes described by Cohen and Mendel (’18) for 
scurvy in guinea pigs were typical of our findings: tender- 
ness, swelling, stiffening of joints, and difficulty in the use 
of the hind legs. Hemorrhages into gums and loosening of 
teeth were not observed. Some tenderness and enlargement 
of the costochondral region were apparent in all of these 
animals. On autopsy, extensive hemorrhages into the joints 
and fragility of the bones were consistent findings. Occasion- 
ally some petechial hemorrhages were found in the sub- 
cutaneous tissues. The viscera of practically all animals 
appeared normal. In the lungs of the majority of the animals 
there was evidence of old and recent hemorrhages which we 
believe were due to lowered resistance to infection. X-ray 
pictures of 12 of the 19 animals were taken. In all cases 
there was marked evidence of changes in the rib and leg 
bones as compared with noi’inal animals on a non-scoi'buto- 
genic diet. In the rib hones there appeared a thin white line 
along the periphery of the hone with increased porosity of 
the rest of the hone, findings which distinctly differentiate 
them from the rib bones of the positive control animals. The 
epiphyseal line of the leg bones showed slight decrease in 
calcium deposition along its course, accompanied by a de- 
crease of calcium in both the epiphysis and diaphysis. All 
the leg hones appeared to show evidence of fracture in the 
metaphyseal region. No histological studies were made of 
these bones. 

In the animals of experunent 2, receiving 100 mg rutin 
daily, no significant difference in survival of the two sexes 
was noted. The weight loss, onset of scox'butic symptoms, 
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post mortem findings of hemorrhages in the viscera and 
joints, and fragility of the bones were essentially the same 
as those observed in experiment 1. The X-ray pictures taken 
of 16 of the 18 animals showed the same results found in the 
previous group. 

In experiment 3, quercetin (the aglycone of rutin) was 
administered to guinea pigs in order to compare its effect 
wdth that of rutin alone or in combination with subminimum 
amounts of ascorbic acid. Accordingly, the animals were 
given each day 50 mg of quercetin (approximate gram- 
molecular equivalent of 100 mg of rutin). The difference in 
survival time between the sexes was not statistically signifi- 
cant. The weight loss, onset of symptoms of scurvy, and 
findings at autopsy were the same as in experiment 1 and 2. 
Study of the X-ray pictures obtained on 5 males and 7 fe- 
males confirmed the observations on the previous groups. 

It has already been pointed out that the discrepancy be- 
tween the results obtained by Bentsath, Eusznyak and Szent- 
Gyorgyi (’36, ’37) and those observed by Zilva (’37b) have 
been explained by the latter as being due possibly to the 
presence of small amounts of ascorbic acid under the ex- 
perimental conditions of the former workers, whereas no 
ascorbic acid was present in the case of Zilva ’s work. The 
experiments described thus far in the present report have 
confirmed this explanation, since the longevity, picture of 
scury, and post mortem findings for the scorbutic controls and 
the scorbutic animals receiving rutin or quercetin without 
subminimum ascorbic acid supplements were essentially 
identical. The succeeding experiments are, therefore, con- 
cerned with a comparison of three groups of scorbutic 
guinea pigs receiving supplements of subminimum amounts 
of ascorbic acid, and this same supplement of ascorbic acid 
plus either rutin or quercetin, as used in experiments 2 and 
3, to determine whether the flavonoids Avould have a sparing 
or .synergistic action on the ascorbic acid. Accordingly, in 
the three experiments that follow, ascorbic acid was ad- 
ministered to tlie guinea pigs in doses of 0.2 mg/animal/day. 
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In experiment 4, in wliicli the animals were given 0.2 mg 
of ascorbic acid each day, 10 of the animals died before 
termination of the experiment on the 44tb day and the re- 
maining 7 were sacrificed. Tbe onset of symptoms of scurvy, 
contrary to tbe observations of Zilva (’37a, ’37b), appeared 
at about tbe same time as for animals in tbe previous ex- 
periments. Tbe weight loss of animals in this experiment 
did not exceed 10% each week, whereas for tbe negative con- 
trols (expt. 1) tbe weight loss was as much as 25% and 
for the animals receiving rutin (expt. 2) and quercetin (expt. 
3) tbe loss was approximately 18%. Although all tbe animals 
showed evidence of swelling and stiffening of tbe joints, it 
.was our impression from gross observation that this effect 
was not as great as in tbe previous experiments; On autopsy, 
recent bleeding into tbe joints was an uncommon finding. 
Out of 9 animals autopsied, one showed recent hemorrhage 
into tbe joints, two showed sfigbt or no hemorrhages, and in 
6 there was evidence of absorbed hemorrhages. Two of tbe 
latter also showed evidence of recent hemorrhage. The fra- 
gility of the bones of these animals was about the same as 
for the negative controls. X-ray examination of the long 
bones of these animals also showed essentially the same 
results observed in the case of the negative controls. Micro- 
scopical examination of longitudinal sections of the femur 
or tibia, stained with silver nitrate, showed distinct changes 
as compared with control animals on a non-scorbutogenic 
diet. Calcification along the epiphyseal line seemed to have 
increased, as did the porosity of the epiphysis and diaphysis. 
In other words, there appeared to have been a redistribution 
of calcium in these areas rather than a loss. In harmony with 
this interpretation is the fact that X-ray pictures revealed 
fracturing in the metaphyseal region. 

In experiment 5, in which each animal received daily 
0.2 mg ascorbic acid and 100 mg rutin, 7 of the animals died 
before termination of the experiment on the 45th day. The 
average weight loss was slightly less than that for animals 
in experiment 4, but this was not considered significant. How- 
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ever, the general appearance of these animals was much 
better than that of animals in any of the previous experi- 
ments. The symptoms so easily recogmized in the other ex- 
periments were much less evident in the animals of this 
experiment. In only a few of the animals were swelling and 
stiffness of joints found. On autopsy, hemorrhages, either old 
or new, in the joints were found even less frequently than 
in experiment 4. X-ray studies of the long bones and micro- 
scopic examination of longitudinal sections of the femur or 
tibia revealed essentially the same findings as reported in 
connection with experiment 4. 

In experiment 6, each animal received 50 mg of quercetin 
per day, the same amount used in experiment 3, in addition 
to 0.2 mg of ascorbic acid per animal per day. The per cent 
weight loss of these animals, general appearance, symptoms 
of scurvy, and findings at autopsy were about the same as 
in experiment 5. The results of X-ray studies and micro- 
scopic examination of sections of femur or tibia did not 
differ from those of experiment 4. 

Serum phosphatase studies 

It has been concluded by Robison ( ’32) and confirmed by 
Gould and Shwachman ( ’43) that serum phosphatase ac- 
tivity in guinea pigs is of osteoblastic origin, and that in 
scurv^’^ there is an impairment of osteoblastic activity with 
a concomitant rise or fall in blood serum phosphatase 'ac- 
tivity, depending on whether or not ascorbic acid supple- 
ments are administered in conjunction with the scorbutogenic 
diet. The present serum phosphatase studies were, therefore, 
made to determine whether or not such determinations 
might serve to demonstrate objectively that rutin or querce- 
tin had a synergistic or “sparing action” on the small 
supplements of ascorbic acid used. 

Serum phosphatase determinations were not made at the 
beginning nor during the course of the various experiments 
because of the large amount of blood required and the dan- 
ger of loss of the animals. Therefore, determinations were 
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made only on animals surviving at the termination of ex- 
periments 4, 5 and 6 on the 44th; 45th and 49th days, re- 
spectively. 

Serum phosphatase determinations were made on 6 of 
the surviving guinea pigs in experiment 4, on 8 in experiment 
5, and on three of the 4 survivors in experiment 6. The values 
obtained, with their range, are as follows: 6.6 (5.3-8.6) ; 6.5 
(3.4—10) ; and 7.0 (5.0-9.8), respectively. 

As judged by our previous studies (Ambrose and DeEds, 
’47) and the data reported by Gould and Shwachman (’43), 
the values for phosphatase activity found are about one-half 
those for normal guinea pigs. Under the conditions of our 
experiments and those of Gould and Shwachman, the dose 
of ascorbic acid (0.2 mg per day) would tend to hold the 
serum phosphatase values at the level found. In other words, 
the administration of rutin or quercetin had no significant 
influence on the phosphatase activity, and the observed in- 
crease in longevity must be explained in some other way. In 
earlier studies (unpublished data) serum phosphatase values 
continued to fall in guinea pigs on a scorbutogenic diet 
receiving a daily supplement of 100 mg of rutin without 
added ascorbic acid. 


Effects on longevity 

The determination of serum phosphatase activity in ex- 
periments 4, 5 and 6 necessitated termination of the experi- 
ments before the survival time of all the animals had been 
determined. The median survival time of all the animals 
in experiments 1, 2 and 3 cannot be compared fairly with 
the median survival time of the weakest or more susceptible 
animals which died before termination of the last three 
experiments. However, it would be fair to compare the 
median survival time of the first 7 animals dying in each 
experimental group, since the groups involved approximately 
the same numbers of guinea pigs at the beginning, of the 
experiments. The lowest mortality occurred in experiment 
5, when the scorbutogenic diet was supplemented with a 
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finh minimnm amount of ascoi’bic acid plus rutin. A com- 
parison has, therefoi'c, been made of the median survival 
time of these 7 animals with that of the first 7 animals dying- 
in each of the other experimental groups. The median sur- 
vival time in the first three experiments was 12 to 15 days. 
In experimental groups 4 and 6, receiving ascorbic acid and 
ascorbic acid and quercetin, the median survival times were 
20 and 22 days, respectively. In experimental group 5, re- 
ceiving ascorbic acid and rutin, the median survival time 
was 30 days. From these data it appears that ascorbic acid 
and rutin, when administered simultaneously, prolonged the 
life of g-uinea pigs beyond that of animals receiving ascorbic 
acid, rutin, or quercetin separately, under the conditions of 
our experiments. 

DISCUSSION 

The results of the above experiments are in harmony with 
the conclusion of Bentsath, Buszynak and Szent-Gyorg-ju 
(’37) that the syndrome of experimental scurvy is due to 
the combined deficiency of vitamins C and P. However, 
guinea pigs on a seorbutogenic diet without the addition of 
subminimnm amounts of ascorbic acid (i.e., amounts less than 
the minimum prophylactic dose), but receiving rutin or 
quercetin, develop symptoms of scurvy at about the same 
time as g-uinea pigs receiving no supplements of rutin or 
quercetin. This is in agreement with the results of Zilva 
(’37a, ’37b), who used citrin, hesperidin, and a mixture of 
hesperidin and eriodictyol, but is not entirely in accord with 
the claim of Bentsath and co-workers (’36) that animals re- 
ceiving citrin alone showed fewer hemorrhages than the 
negative controls. 

When subminimum amounts of ascorbic acid were fed to 
guinea pigs on a seorbutogenic diet, the symptoms of scurvy 
were definitely less severe than the symptoms of scorbutic 
guinea pigs not receiving such supplements. Wlien the scoi*- 
butogenic diet was supplemented with rutin or quercetin in 
addition to the submiuimum dose of ascorbic acid, the symp- 
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toms of scurvy remained about tlie same as in guinea pigs 
receiving the ascorbic acid alone, except that bleeding into the 
joints was a less common finding. This observation confirms 
the work of Bentsath and co-workers (’36) if we accept 
Zilva’s explanation that traces of ascorbic acid were present 
under the existing experimental conditions. 

Neither rutin nor quercetin fed as a supplement to gTiinea 
pigs on a scorbutogenic diet had any effect on longevity. 
When rutin was administered together with .subminimum 



Fig. 1 The comparative effect of rutin (B), quercetin (Q), ascorbic 
(A) aucl mixtures of ascorbic acid and rutin (A + E), and ascorbic acid and 
quercetin (A + Q), on longevity in guinea pigs on a scorbutogenic diet. 


doses of ascorbic acid, life was definitely prolonged. This 
is shown in figure 1, where it can readily be seen that rutin 
appears to be more effective than an equi-molecular amount 
of quercetin. This difference is believed to be due to the 
poorer solubility of pure quercetin in propylene glycol and 
body fluids. In preliminary studies (unpublished data) a 
less pure sample of quercetin extracted from goldenrod was 
used. This sample was more soluble in propylene glycol and 
the data obtained indicated that it was equally as good as 
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rvitiii, oil ail equi-molecular basis, in prolonging life. It is 
quite unliltely that the impurities of this sample contained 
ascorbic acid because of the extraction process used. Figure 
1 shows that the first guinea pig on a scorbutogenic diet 
plus supplements of ascorbic acid and rutin died on the 20th 
day of the experiment. By this time all but three of the 
negative controls, 5 of the animals receiving ascorbic acid 
without rutin, and all but three receiving only rutin supple- 
ments and 4 receiving only quercetin supplements had died. 

Since completion of this investigation a report by Cotereau, 
Gabe, Gero and Parrot (’48) has appeared in which the 
authors claim a greater storage of ascorbic acid in the liver, 
spleen, kidneys and adrenals of g-uinea pigs on a seorbuto- 
genic diet receiving daily supplements of ascorbic acid and 
catechin (a mixture of epimers of d-catechin — ^Perrcapyl Rus- 
sel) than hi g-uinea pigs receiving ascorbic acid or catechin 
alone. At autopsy the scorbutic type of lesions was found 
in all the animals except those given ascorbic acid and 
catechin. 

In the experiments presently reported the scorbutic lesions 
were less pronounced in animals receiving ascorbic acid with 
supplements of rutin or quercetin than in animals receiving 
ascorbic acid alone. However, the lesions in the animals 
receiving ascorbic acid alone were less severe than in the 
negative controls, and also less severe than in the guinea 
pigs receiving rutin or quercetin without ascorbic acid. 

Cotereau, Gabe, Gero and Parrot (’48) concluded that 
storage of ascorbic acid occurs in the presence of a “sparing 
factor” such as catechin, and this in vivo protection of 
ascorbic acid is consistent with the observation of Parrot 
and Cotereau (’46) that catechin retards the rate of oxida- 
tion of ascorbic acid in vitro. Similarly, the present report 
oil the value of rutin and quercetin in supplementing sub- 
minimum amounts of ascorbic acid in scorbutic guinea pigs 
IS in agreement with unpublished data obtained in this lab- 
oratory on the antioxidant action of these fiavonoids toward 
ascorbic acid. 
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SUMMARY AND CONCLUSIONS 

Data are presented on tlie effects of rutin and quercetin 
in guinea pigs maintained on a scorbutogenic diet with and 
without the addition of subminimum amounts of ascorbic 
acid. 

Rutin and quercetin administered orally in doses of 100 
and 50 mg per animal per day, respectively, did not prolong 
the life of the guinea pigs beyond that of the negative control 
animals on the scorbutogenic diet alone. The scorbutic sjnnp- 
toms and the post mortem findings did not differ from those 
of the negative controls. 

In guinea pigs receiving subminimum amounts of ascorbic 
acid alone, ascorbic acid and rutin, and ascorbic acid in 
combination with quercetin, the post mortem findings were 
essentially the same except for the fact that the last two 
groups showed fewer fresh hemorrhages than the animals 
receiving ascorbic acid alone. Microscopic study of stained 
longitudinal sections of the femurs or tibias of these three 
groups of animals showed essentially the same picture for 
all groups. This picture differed from that of positive con- 
trol animals on a non-scorbntogenic diet in that the epiphyseal 
line showed slightly more calcification and the epiphysis and 
diaphysis greater porosity, which might account for the 
fractures in the metaphyseal region seen in X-ray pictures. 
The combined supplements of ascorbic acid and rutin ap- 
parently prolonged the life of scorbutic guinea pigs. 
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In previous communications (Chow, ’46; Bolling, Block and 
Chow, ’47 ; Chow, Seeley, Allison and Cole, ’48) data were 
presented to demonstrate that oral administration of lactal- 
bumin or its hydrolysate to protein-depleted dogs favors 
the regeneration of plasma albumin, whereas casein or its 
hydrolysate stimulates the production of both albumin and 
globulins. Since the chemical analyses of the 10 essential 
and a few of the non-essential amino acids showed a marked 
similarity in the two hydrolysates, the difference in the 
plasma protein regeneration properties is believed not to 
be due (Bolling, Block and Chow, ’47) to the difference in 
amino acid composition alone. Hence, an explanation is yet 
to be found. 

The superiority of lactalbumin over casein in promoting 
the growth of young rats (Supplee and Clark, ’46) or in 
supporting nitrogen balance in dogs (Allison, '48) has been 
well demonstrated, and the difference can be compensated 
for by feeding the animals a higher level of casein. It is, 

‘Present address: School of Hygiene and Public Health, Johns Hopkins 
Luiversity, Baltimore, Maryland, 
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therefore, of interest to ascertain whether the production 
of specific protein components in plasma is similarly de- 
pendent on the amount of absorbed nitrogen, which might 
then account for the difference in the plasma protein re- 
generation properties of these two milk proteins. To this 
end studies were undertaken which involved feeding a group 
of protein-depleted dogs with a casein hydrolysate at a 
nitrogen level which would stimulate a rapid and pronounced 
regeneration of plasma proteins. For compainson, three other 
groups of protein-depleted animals were fed three different 
levels of a ti’yptic digest of laetalbumin, so that the retained 
nitrogen was either greater, approximately equal to, or less 
than that retained by dogs receiving the casein hydrolysate. 
In addition, two other groups of dogs were fed the same 
level of casein hydrolysate as the first group but were given 
1 or 2% of methionine as a supplement in order to increase 
the nitrogen retention (Allison, Anderson and Seeley, ’17; 
Brush, Willman and Swanson, ’47 ; Cox, Mueller, Ehnan, 
Albanese, Kemmerer, Barton and Holt, ’47) to approximately 
that of the animals receiving the highest dosage of lactal- 
bumin hydrolysate. The regeneration of various protein com- 
ponents in the plasma of the dogs fed these diets was 
measured by determining the composition of plasma elec- 
trophoretically, and the total circulating plasma proteins (the 
product of the plasma protein concentration and the plasma 
volume). The nitrogen retention was also measured for the 
whole period of feeding. The results are reported in the 
present paper. 


EXPERIMENTAL 

Preparation of hydrolysates 

One kg of edible casein - was suspended in 9 1 of distilled 
water previously warmed to 50°C. Enough 6 N NaOH (usu- 
ally 85 to 90 ml) was added with continuous stirring' until 


* Borden ^s. 
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all the protein was in an even suspension and the pH remained 
about 7.6 for at least 30 minutes. Forty grams of a purified 
trypsin prepai’ation (1:280)^ were added and the suspension 
incubated at about 50 °C. for 38 hours, after which time 900 
gm of Celite no. 505 were added to aid filtration. The di- 
gestion was considered complete when the addition of an 
equal volume of a 5% trichloracetic acid solution to a small 
aliquot of the filtrate did not produce any opalescence. The 
water-clear filtrate was lyophilized. Chemical analysis showed 
that such hydrolysates contained about 2.0% sodium and 
13.5% total nitrogen, of which 28 to 30% was liberated as 
amino nitrogen, as determined by the nitrous acid method. 

Similarly, laetalbumin hydrolysate was prepared by sus- 
pending 1kg of laetalbumin* in 91 of water kept at 37 °C. 
The pH was kept between 7 and 8 by continuous addition of 
6 N NaOH. Forty grams of the purified pancreatic enzymes 
were added. During the first 6 to 8 hours the digestion took 
place rapidly, and the original pH was maintained by further 
addition of alkali. Incubation at 37 °C. was allowed to pro- 
ceed for 48 to 72 hours. The suspension was then adjusted 
to pH 5 by the addition of a 4 N HCl solution and filtered 
with the aid of Celite (100 gm/liter), and the filtrate was 
lyophylized. Chemical analysis showed that the hydrolysate 
contained 2.5% sodium and 12.8% nitrogen, of which 35 to 
40% Avas liberated as amino nitrogen. 

Preparation of liypoproteinemic dogs 

Normal and healthy dogs were given a protein-free diet 
consisting of 21% sucrose, 19.4% dextrose, 32.9% dextrin, 
21.8% lard, 1.8% Osborne-llendel salt mixture, and 2.5% 
apr, with the following vitamins as supplements : thiamine, 
riboflavin, nicotinic acid, calcium pantothenate, pyridoxine, 
eholine-2-inethly-l-napthoquinone, biotin and vitamins A and 
D. These dogs Avere given daily an amount of this diet 

Obtajne<l from tlie M’llson Laboratories, 

• Borden lo- 42 . 
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calculated to supply 80 cal. per kilogram body weight. After 
a period of 6 to 8 weeks the plasma protein concentration 
dropped to 4.5 to 5.2 gm % and the albumin-to-giohulin ratio 
was reduced to approximately 0.25. 

Repletion with different test proteins 

The protein-depleted dogs were repleted with the test diets 
also at 80 cal. per kilogram body weight per day at different 
nitrogen levels. Determinations of plasma volume (Gregersen 
and Stewart, ’39) and the plasma protein concentrations, 
as well as electrophoretic analyses of plasma (Longsworth, 
’42) were performed before and after depletion, and also 
after three or 6 weeks of repletion with the test substances. 
It was thus possible to study quantitatively the changes of 
each plasma protein component during the course of protein 
administration. The technique of these determinations has 
been published elsewhere (Chow, Seeley, Allison and Cole, 
’48) and need not be repeated. 

RESULTS 

Six groups of protein-depleted dogs were fed for 6 weeks 
three levels of lactalbumin hydrolysate (0.35, 0.25 and 0.15 
gm N/kg body weight per day) and one level of casein 
hydrolysate (0.35 gm N), with or without the supplementa- 
tion of 1 or 2% methionine. In the 7th week the animals were 
given a protein-free diet. The nitrogen intake as well as 
excretion for the 7 weeks were determined on the basis of a 
weekly collection. The biological value, or the fraction of 
the hydrolysate nitrogen retained in the body of the test 
animals, was calculated according to the equation of Allison 
(’46) : (NB)=(BV)(AN)-(EN), where (NB)= nitrogen bal- 
ance, (BV)= biological value, (A]Sr)= absorbed nitrogen and 
(EN)= endogenous nitrogen. It was found the digestibility 
of the hydrolysate diet was essentially complete. Hence, the 
(AN) value approached closely that for nitrogen intake (IN). 
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Tile amount of plasma protein regeneration was determined 
by comparing the total circulating plasma proteins before 
and after a given period of repletion. 


Table i 

The levels of absorbed nitrogen and the plasma protein regeneration 


PUOTEIX 

SUPPr-EJlEKT 

NO. DOGS 
USED 

level of 

INTAKE 1 

NITROGEN 
BALANCE * 

RETAINED 
“BIOLOGICAL 
VALUE" ^ 

PLASMA 

PROTEIN 

nitro- 
gen * 

Lactalbumin hydrolysate 

5 

0.35 

-f 0.186 

0.8 

4.6 

Lactalbumin hydrolysate 

4 

0.25 

4- 0.118 

0.8 

3.0 

Lactalbumin hydrolysate 

4 

O.lo 

-1- 0.072 

1.0 

2.7 

Casein hydrolysate 

5 

0.35 

+ 0.1X7 

0.5 

4.0 

Casein hydrolysate 

1% methionine 

3 

0.35 

-f 0.175 

0.7 

4.0 

Casein hydrolysate + 

2% methionine 

3 

0.35 

4- 0.165 

0.7 

5.0 


^ Level of intake is expressed as grams nitrogen per kilogram bodv weight pet 
day. 

‘Nitrogen balance is the difference between nitrogen intake and nitrogen ex- 
cretion, expressed in grams nitrogen per kilogram body weight per day. 

’ ^'Biological value is calculated according to the equation of Allison (’46): 
(NB = (BV) (AN) — (BN). (See text.) 

* Per cent of the total absorbed nitrogen used for the synthesis of total plasma 
protein. 


The relationship between absorbed nitrogen 
and plasma protein synthesis 

The results given in table 1 demonstrate that all 6 diets 
were adequate in supporting nitrogen balance (see column 
4) during the period of repletion. At the level of nitrogen 
intake of 0.35 gin/kg body weight per day, the lactalbumin 
hydrolysate was considerably more effective than the casein 
hydrolysate, which was improved by the addition of 1 or 2% 
methionine. As was to be expected, the extent of nitrogen 
balance was dependent on the dosages of lactalbumin hy- 
drolysate given, being highest at 0.35 gm X intake. 
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The results given in column 5 of table 1 demonstrate that 
half of the casein hydrolj’^sate nitrogen ® was retained, and the 
retention was increased to 70% by the addition of 1 or 2% 
methionine. On the other hand, at least 80% of the lactal- 
bumin hydrolysate nitrogen was retained; the retention was 
virtually complete when the level of nitrogen administered 
■\vas reduced. The results shown in this table also demon- 
strate that, of the total retained nitrogen, approximately 
5% was used for the synthesis of plasma protein (see column 
6). This percentage wms decreased to about three as the ni- 
trogen retention wms low’ered. 

The synthesis of plasma albumin and globulins 

The ditference in the plamsa protein regeneration pat- 
terns of a series of dogs fed with lactalbumin hydrolysate 
or wnth casein hydrolysate is further illustrated in table 2. 
The data (column 3) demonstrate that after 6 weeks of re- 
pletion dogs fed Avith lactalbumin hydrolysate regenerated 
less plasma proteins than those fed Avith casein hydrolysate. 
HoweA'’er, the animals in the former group shoAved striking 
increase in the albumin and essentially no increase in globu- 
lins, AA'hereas animals fed AAuth casein hydrolysate showed a 
marked increase in both the albumin and globulin fractions 
after 6 weeks of feeding. Supplementation Avitb methionine 
for the same period resulted in a definite increase (though 
less marked) in the amount of globulin regenerated. The 
changes in A/G ratio, recorded in the last two columns of 
table 2, demonstrate that this ratio Avas the highest (0.60) 
for the group of dogs fed Avith lactalbumin hydrolysate at 

® The biological values of the casein and lactalbumin hydrolysates obtained 
under our experimental conditions were considerably lower than those reported 
hy Allison (’46). However, it must be pointed out that our data represent the 
average values after 6 Aveeks of feeding, during which time the state of protein 
reserves of the animals was gradually changing from that of deficiency to that 
of abundance. In Allison’s experiments the determination was performed over 
a much shorter period and at such a dosage that the protein reserves of the 
dogs did not materially change. 
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* Calriilutcd as \m' cent of tlie ainoiiiit detonuincd prior to i)rotojn feeding, with standard error. 
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a level of 0.35 gm N. The ratio of this group of animals ap- 
proached unity when the repletion was continued for 10 
weeks. On the other hand, repletion of dogs with casein hy- 
drolysate for the same length of time did not significantly 
increase this ratio. 

The effect of repletion with different dietary proteins on 
the globulin fractions was also investigated. The results (see 
table 3) demonstrate that the oral administration of lactal- 
bumin hydrolysate at any one of three levels caused a marked 
drop in the total circulating alpha globulins. In contrast to 
this, the feeding of casein hydrolysate, with or without 
methionine supplementation, to the protein-depleted ani- 
mals brought about no marked decrease and, as matter of 
fact, an increase of these globulins. In two cases no sharp 
difference in the effect of feeding these two hydrolysates on 
the regeneration of the gamma globulin was observed. Either 
hydrolysate brought about a marked increase in “other 
globulins,” i.e., the total globulins minus the gamma and 
alpha globulins. 


DISCUSSION 

The classic studies of Hose and his associates on the 
physiological and nutritional properties of amino acids 
demonstrate the possibility of obtaining essentially normal 
growth in young rats by feeding the protein elements of the 
diet in the form of 10 pure amino acids. The removal of any 
one of these particular amino acids resulted in impaired 
growth, or in considerable losses in weight and ultimately 
death. jSIore recent investigations (Wooley, ’47 ; Womack and 
Rose, ’46) demonstrate that in addition to the 10 essential 
amino acids, the presence of some unknown nutritive factors 
in the diet is essential for noi'mal growth. The destruction 
of these factors in crude casein by acid hydrolysis or their 
removal by extraction with organic solvents results in sub- 
optimum growth in rats. Relatively little attention has been 
directed to the possible role of these yet unidentified nu- 
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tritional factors wMcli may predetermine tlie synthesis of 
a particular type of plasma protein component. 

Since the difference in the plasma protein regeneration 
properties of casein and lactalbumin is due neither to the 
amino acid composition nor to the amount of the amino acid 
retained by the animals, it is not unlikely that nutritional 
factors other than the essential amino acids play a role in 
directing the synthesis of plasma proteins. Thus it is no 
longer safe to assume that the mere presence of the essential 
amino acids, even in great abundance, and of all the known 
vitamins can assure us of optimum nutrition, either for 
maintenance or for convalescence. 

SUMMARY 

Protein-depleted dogs were fed one level of casein hy- 
drolysate. For comparison, three other groups of dogs were 
given different levels of lactalbumin hydrolysate so that the 
retained nitrogen was either greater, approximately equal 
to, or less than that in dogs receiving the casein hydrolysate. 
In addition, two other groups of dogs were administered 
the casein hydrolysate orally with the supplementation of 
1 or 2% methionine, in order to increase the nitrogen re- 
tention to approximately that retained by the animals re- 
ceiving the highest dosage of lactalbumin hydrolysate. The 
total nitrogen absorbed and the regeneration of various 
plasma protein components were detei’mined quantitatively. 
The data demonstrated that the lactalbumin hydrolysate 
given at any one of the levels stimulated the production of 
albumin and led to a marked decrease in alpha globulins. On 
the other hand, casein hydrolysate favored the production 
of albumin and globulins even on supplementation ■with 
methionine, which increased the absorption of the casein 
hydrolysate nitrogen fed. The results, therefore, led to the 
conclusion that the difference in the plasma protein regenera- 
tion properties of the two protein hydrolysates is not due 
to the difference in the amount of absoi-bed nitrogen, but 
perhaps to the existence of an unidentified nutritional factor. 
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In a recent paper from this laboratory (Hoffman et al., 
’48) it was demonstrated that the method of Allison and 
Anderson (’45) for the determination of the so-called nitrogen 
balance index in dogs with induced hypoproteinemia could 
be applied to human hospital patients with protein deficiency. 
In that report the nitrogen balance index of a lyophilized am- 
ino acid preparation administered intravenously was found 
to be relatively constant in 20 subjects in spite of marked 
variability in their requirements of nitrogen for equilibrium. 
The latter values were shown to be dependent upon the nitro- 
gen excretion on a protein free diet. This excretion varied 
greatly, being influenced by the degree and duration of pro- 
tein deficiency, by the nature of the illness producing this 
deficiency, and by unknown factors. It was believed that the 
nitrogen balance index was a reliable gauge of the biological 
value of protein for human protein-deficient subjects. 

‘These studies were aided by a gnant from the Interchemical Corporation, 
IVtochcmicnl Division, Union, Xew Jersey. 

•Presented before Urn Federation of American Societies for Experimental 
Biology, March 18 , 19 - 18 . 
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As a further extension of the Allison method, a comparison 
has been made of the nitrogen balance index of a specially 
processed gluten preparation with that of the same product 
reinforced with 4% lysine. The studies have been carried 
out on 10 hospital patients, of whom 7 had recogmzable pro- 
tein deficiency and three had serum protein concentrations 
within normal limits but might have had mild protein de- 
ficiency. 

EXPERIMENTAL 

As in previous nutritional investigations made in this lab- 
oratory, the nitrogen balance studies were executed in a 
special metabolic unit on a surgical ward of the hospital; the 
unit was staffed 24 hours a day by nurses specially chosen 
for this function. The urine specimens were collected in 
bottles containing toluene for each 24-hour period and were 
analyzed immediately. Stools were colleected in covered 
enamel jars, in which they were prepared for nitrogen analy- 
sis by homogenization with water and concentrated sulfuric 
acid, as suggested by Peters and Van Slyke (’32). Nitrogen 
determinations of the urine, stool and blood specimens were 
made by the photometric micro-Kjeldahl method described 
by Hoffman and Osgood ( ’40). These were frequently cheeked 
by the macro-Kjeldahl method utilized for the nitrogen anal- 
ysis of the food samples. In the latter method, digestion was 
accomplished with sulfuric acid, potassium sulfate, and mer- 
curic oxide. Sodium hydroxide with sodium sulfide were em- 
ployed for the liberation of ammonia, which was distilled 
into a boric acid solution and titrated. As a check for com- 
pleteness of the urine collection, daily creatinine determina- 
tions of the 24-hour urine specimen were made. 

The basic non-protein diet consisted of a high carbohydrate 
drink,® soup made of cai’bohydrate, vegetable oil, and a nitro- 
gen-poor vegetable ; and a specially made protein-free candy. 

* Made up of Cartose, provided by H. W. Kinney and Sons, Columbus, Indiana, 
and a beverage base. 



IMPROVEMENT OP GLUTEN "WITH LYSINE 


333 


The gluten preparations, with and without added lysine,* 
v/ere incorporated in the diet in the form of muffins or pud- 
dings. Salt was allowed ad libitum in the soup, and was added 
in the preparation of the muffins and puddings. Vitamins 
were provded in the form of a commercial mixture," 1 ml daily 
intramuscularly, and ascorbic acid, 150 mg daily by mouth. 
The total caloric intake was maintained at 35 to 40 cal. per 
kilogram per day. The average nitrogen content of the basic 
daily diet was found to be 400 mg. This quantity was not in- 
cluded in the calculation of nitrogen balance, since it was 
from poor protein sources, was constant through all the 
periods, and was probably of the same magnitude as the un- 
determinable nitrogen excretions. At -worst, the error in- 
volved was small and did not affect the determination of the 
nitrogen balance index. 

Two groups of nitrogen balance experiments were per- 
formed. In the first group of three subjects the balance stud- 
ies were carried out as in the pre-viously reported series, 
with progressive increases in the nitrogen intake after the 
nitrogen output on the basic diet alone had been determined. 
(In all 10 experiments an adjustment period of two days on 
the basic diet was allowed before specimens were collected, 
since it had been previously found that the nitrogen excretion 
in these first days -was too high to be truly representative 
of the protein-free period.) After 5 days on gluten, the 
subjects were given the same quantity of gluten reinforced 
with 4% L-lysine for a period of 5 days. Then a large quantity 
of gluten was administered for another 5-day period, followed 
by 5 days of an isonitrogenous quantity of gluten plus lysine. 

‘These ^YC^e kindly furnished by the Interchemical Corporation, Biochemical 
Division, TJnion, Kew Jersey. The gluten, was a specially prepared powder of 
nomagenized wheat gluten. The gluten-phtS'hjsine was also a specially prepared 
powder, consisting of non-agenized wheat gluten homogeneously mixed with 
*1% purified L-lysinc hydrochloride. This latter product is now being marketed 
as Elutcin. 

Betalin Complex, kindly furnished by Eli Lillv and Companv, Indianapolis, 
Indiana. 
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This alternation was continued until good positive balances 
were obtained with both products. 

In the second group of 7 subjects the nitrogen balance ex- 
periments were carried out with only two points for the de- 
termination of the curve, on the assumption that the straight 
line curves demonstrated in the first three subjects would 
apply equally well here. In these studies, after a variable 
protein-free period ranging from three to 10 days, the sub- 
jects received for 8 to 10 days a quantity of gluten calcu- 
lated to give a slightly negative or positive nitrogen balance. 
This diet then was replaced by an isonitrogenous diet of gluten 
plus lysine for another 10-day period. In three of the experi- 
ments it was possible to return the patients to the original 
gluten diet for another 10-day period. 

EESULTS 

The nitrogen balance findings in the first group of three 
subjects are shovm in table 1. Wlien the nitrogen balance 
is plotted against the nitrogen intake (see fig’. 1), the points 
fall on a straight line curve both for gluten and for gluten 
plus lysine, as predicted by Allison. The Allison equation is 
NB = K(AN) — NEo, where NB is the nitrogen balance, AN 
is the absorbed nitrogen, NE,, is the nitrogen excretion on 
the protein-free diet, and K is the slope of the curve or the 
nitrogen balance index. The nearer K approached the value 
of one, the higher was the biological value of the protein 
studied. It is possible to substitute NI, the nitrogen intake, 
for AN, the absoi’bed nitrogen, in these experiments, for the 
fecal nitrogen excretion was not found to be any higher 
during the protein feedings than during the days of the pro- 
tein-free diet. 

The K values for the gluten cui’ves, which can be calculated 
either as (NB NE^j/AN or as NEo/EN Avhere EN is the 
nitrogen requirement for nitrogen equilibrium, were 0.53, 
0.53 and 0.59, respectively, for subjects 1, 2 and 3. The K 
value for gluten plus lysine was significantly higher in each 
of the three experiments, being 0.60, 0.67 and 0.69, respec- 
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tively. Correspondingiy, the nitrogen requirement for nitrogen 
equilibrium (EN), which is the point where the curve crosses 
the zero nitrogen balance line, was 94, 81 and 102 mg per 
kilogram per day, respectively, for gluten. It was significantly 
lower in each case for gluten plus lysine, namely, 83, 64 and 
87 mg per kilogram per day, respectively. 

Table 2 gives the data obtained in the 7 experiments in 
the second group. The K values were calculated from the 
straight lines draAvn from the point of zero nitrogen intake 
through the single point of gluten or gluten plus lysine feeding. 



Fig. 1 Curves of nitrogen balance in relation to intake in subjects 1, 2 and 
3. K in each case is the slope of the straight line curve and is the nitrogen 
balance index. 


The nitrogen requirement for equilibrium was estimated by ex- 
tension of the straight line curve through the line of zero 
nitrogen balance. In 6 of the 7 subjects, the K values for 
gluten ranged from 0^53 to 0.78, while those for gluten plus 
lysine ranged from 0.76 to 0.87. These values were of the 
same order as those in the three experiments of the first 
group, which indicates that no great error was introduced 
in drawing the rectilinear curves from only two points. In 
each experiment the K value for gluten plus lysine was higher 
than that of gluten. In the case of subject 7, the K value 
for gluten was 0.80 and for gluten plus lysine 0.98. Though 
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the values found in this ease were consistent with the others 
in that the K for gluten plus lysine was higher than that for 
gluten, the absolute values were improbably high_ The de- 
viation from the mean of the K values in this case was found 
to be more than twice the standard deviation for both gluten 
and gluten plus lysine. For this reason, the values in this 
experiment were not utilized in the final statistical evaluation. 

In subjects A, 8 and 9, a second period of 10 days on the 
original quantity of gluten produced K values not appreciably 
different from those of the initial gluten periods. Even in 
the two instances in which the K value was improved in the 
second gluten period, this value was significantly lower than 
that for gluten plus lysine in the same subject. For the statis- 
tical evaluation the K and EN values for gluten in these sub- 
jects were calculated from the mean of the values from the 
two gluten periods. 

For the total of 9 experiments in both groups the mean K 
value for gluten was 0.62, Avith a standard deviation of ± 0.09 
(14.5%), and for gluten plus lysine it was 0.76, Avith a stand- 
ard deviation of rt 0.08 (10.5%). The difference between these 
tAvo means was significant, the t value ® for statistical signi- 
ficance being 3.5. Similarly, for the total of 9 experiments, the 
mean EN for gluten Avas 80 mg per kilogram per day, with a 
standard deviation of ± 14 mg (17.5%), while that for gluten 
plus lysine Avas 65 mg per kilogram per day, with a standard 
deviation of * 11 mg (17%). Again the difference between the 
means was significant, the t value being 2.6. 

’The t value of the statistically significant difference between the average of 
two sets of experimental values was determined essentially by the method of 
Sncdccor (MG), as follows; 

— j a 

^ ^ 'yj 

'Uicrc a„ a„ and n, are, respectively, the mean, the standard deviation, and the 
numhcr of experiments in tlie first group, and a,, o-., and n, are those of the 
sc^nd group. A^alucs higher than 2.5 are regarded as indicatiBg a significant 
diiTereoco in the means. 



TABLE 2 

Nitrogen halanccs and nitrogen halanco indices (E) in patients on diets of gluten (G) or gluten plus lysine (GL) 
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DISCUSSION 

The data from the first three balance experiments, like those 
from our previously reported studies, offer corroboration of 
the applicability of the method of Allison to human subjects 
with protein deficiency. The curves of nitrogen balance were 
rectilinear in the region of negative and low positive bal- 
ance, as predicted by Allison. The K values for gluten were 
relatively constant, as were those for gluten plus lysine.* On 
the other hand, the requirements of nitrogen for equilibrium 
were more variable, and, as in the previous studies, were 
dependent upon the amount of nitrogen excretion on a protein- 
free diet. 

The findings in the remaining 7 experiments demonstrate 
that it is possible to obtain reasonably accurate K values 
for the Allison curves from only two points. The K values hi 
6 of these experiments were of the same order as those of 
the first three experiments. These results indicate that, at 
least for the comparison of one protein product with another 
in the same subject, it is uimecessary to go through the pro- 
cedure of determining multiple points by a gradual increase 
in the nitrogen intake. Indeed, the determination of only two 
points may be even more reliable since, under the conditions 
of a relatively short experiment, the subjects can be kept 
on each regimen long enough for an accurate nitrogen bal- 
ance assay. This scheme is essentially the same as that used 
by Mueller and Cox (’47), except that their experiments were 
carried out in normal subjects and that Allison’s K values 
as such were not determined. Actually, one of the two points 
used for the curve need not be that for zero nitrogen intake; 
it could be that of any low nitrogen intake, provided the sub- 
jects were kept on that intake long enough for stabilization. 

In each of the 10 balance experiments, the nitrogen balance 
index for gluten reinforced with lysine was appreciably higher 
than that for gluten alone. This result was of course to be 
expected, since numerous investigators have indicated that the 
limited nutritional value of wheat gluten can be enhanced 
by the addition of lysine. The earliest of these investigators 
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were Osborne and Mendel (’14). But they, as well as many 
more recent workers, based tlieir conclusions on rat growth 
experiments, which are not necessarily applicable to man. 
Eecently, Kuether and Myers (’48) have demonstrated the 
improvement in nitrogen balance in human subjects when ce- 
real proteins were supplemented with lysine, as have Bi’ickei’, 
Mitchell and Kinsman (’45). 

The average K value of 0.62 found in the present experi- 
ments is considerably higher than the 0.44 reported by Allison 
(’48) for a similar product fed to normal dogs. Allison in 
this communication does not report the value of the nitrogen 
balance index for gluten in protein-deficient dogs, but his 
data for other proteins indicate that the index is considerably 
increased when protein-depleted animals are utilized. Allison 
found that the K value rose from 0.44 to 0.82 in normal dogs 
when the gluten was reinforced with lysine ; this elevation is 
considerably greater than that shown in the present experi- 
ments on human subjects with protein deficiency. The variance 
in these two sets of data may be due to species difference or 
possibly to an error in the K value for gluten. In both studies, 
at any rate, it has been demonstrated that the addition of 
lysine to gluten so increases the nutritive value of the product 
that it approaches or equals that of casein, which has been 
found by Allison to have a K value of around 0.80. 

That the average nitrogen requirement for equilibrium using- 
unfortified gluten was as low as 80 mg per kilogram per day 
was at first glance surprising. Such a value is equivalent to 
an intake of 35 gm of protein per day for a 70 kg person — 
a remarkably low requirement for what has been regarded 
as a relatively poor protein. However,' it must be recognized 
that most, if not all, of our subjects -were hospital patients with 
chronic protein deficiency. Such subjects have been shown to 
require a much smaller intake of nitrogen for nitrogen bal- 
ance than normal individuals, unless the protein deficiency is 
associated with an acute “catabolic assaifit” such as trauma, 
infection, shock, or burn (Bi’owne, Schenker and Stevenson, 
’44; Allison, ’48; Hoffman et ah, ’48). The requirements for 
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nitrogen balance with wheat ginten feeding would undoubtedly 
have been much higher if the subjects had been normal and in 
good nutritional states. If the concentration of lysine in onr 
wheat gluten is 1%/ and if the daily requirement of lysine in 
a 70 kg person is about 0.8 gm,® then the normal 70 kg subject 
Avould require about 80 gm of wheat gluten per day, or more 
than twice that required by our protein-deficient subjects. Suck 
values are in keeping with the findings of Kuether and klyers 
(’48) and of Bricker, Mitchell and Kinsman (’45), the former 
utilizing whole wheat and the latter white flour. 

The low requirements for nitrog'en balance in our protein- 
deficient patients again illustrate the danger of judging the 
relative efficacy of any particular protein by comparing the 
amount required for balance in one group of subjects with 
that found for another protein by other investigators using a 
different type of subject. Nevertheless, the data imply that 
even a relatively poor protein is capable of producing appreci- 
ably positive nitrogen balances in severely depleted subjects, 
especially if properly fortified. 

SUMMARY 

In 10 hospital patients, most of whom had recognizable pro- 
tein deficiency, a comparison was made of the nutritive value 
of wheat gluten alone and of the same jproduct reinforced 
ivith 4% L-lysine. 

The nitrogen balance index method, utilized by Allison in 
dogs, was found applicable to these human subjects. The 
nitrogen balance index, whether determined from the straight 
line curves drawn from multiple points or from only two 
points, tended to be constant for the particular protein prep- 
aration, whereas the nitrogen requirement for nitrogen equil- 
ibrium was more variable. 

’Personal conununicatiou from Dr. Alfonse Walti, Intercbemical Corporation, 
BiocUenneal Division, Union, New Jersey. 

'The tentative requirement for lysine as determined by Dr. William C. Bose; 
personal communication. 
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The iiieaii nitrogen balance index for gluten was 0.62. For 
gluten plus lysine, it was significantly higher, 0.76, approach- 
ing the value for casein. Thus lysine was shown to enhance 
the nutritive value of gluten for humans, as it had previously 
been shown to do for lower animals. 

In patients with chronic protein deficiency even unrein- 
forced gluten was found to be capable of producing’ positive 
nitrogen balances with moderate intakes. 
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nitrogen balance with wheat gluten feeding would undoubtedly 
have been much higher if the subjects had been normal and in 
good nutritional states. If the concentration of lysine in our 
wheat gluten is 1^,’^ and if the daily requirement of lysme in 
a 70 kg person is about 0.8 gm,® then the normal 70 kg subject 
would require about 80 gm of wheat gluten per day, or more 
than twice that required by our protein-deficient subjects. Such 
values are in keeping with the findings of Kuether and Myers 
(’48) and of Bricker, Mitchell and Kinsman (’45), the former 
utilizing' Avhole wheat and the latter white flour. 

The low requirements for nitrogen balance in our protein- 
deficient patients again illustrate the danger of judging the 
relative efficacy of any particular protein by comparing the 
amount required for balance in one group of subjects with 
that found for another protein by other investigators using a 
different type of subject. Nevertheless, the data imply that 
even a relatively poor protein is capable of producing appi’cci- 
ably positive nitrogen balances in severely depleted subjects, 
especially if properly fortified. 

SUMMARY 

111 10 hospital patients, most of whom had recognizable pro- 
tein deficiency, a comparison was made of the nutritive value 
of Avheat g'luten alone and of the same product reinforced 
with 4% L-lysine. 

The nitrogen balance index method, utilized by Allison in 
dogs, was found applicable to these human subjects. The 
nitrogen balance index, whether determined from the straight 
line curves drawn from multiple points or from only two 
points, tended to be constant for the particular protein prep- 
aration, whereas the nitrogen requirement for nitrogen equil- 
ibrium was more variable. 

^Personal communication from Dr. Alfonse Walti, Interchemical Corporation, 
Biochemical Division, Union, New Jersey. 

*The tentative requirement for lysine as determined by Dr. William C. Bose; 
personal communication. 
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There are several reports in the literature indicating that 
large amounts of vitamin A have an antithyroid effect (Abelin 
et al, ’26 ; Sadhu and Brody, ’47 ; Schulze and Hundhausen, 
’39). The purpose of the present experiments was to test 
the converse hypothesis ; namely, that thyroid influences the 
utilization of vitamin A. An experiment was set up concerned 
■with liver storage of vitamin A in relation to thyroid activity 
in which it was assumed that the storage is an indirect meas- 
ure of utilization; the lower the storage, the greater the de- 
pletion. If the thyroid hormone causes the destruction of 
vitamin A or increases the rate of its utilization, there should 
he decreasing vitamin A storage with increasing thyroid 
hormone activity. 

Previously it has been indicated that adequate functioning 
of the thyroid gland is important for the conversion of caro- 
tene to vitamin A (Anderson and Soley, ’38 ; Drill and Truant, 
’47; Escamilla, ’42; Fasold and Heidemann, ’33; von Euler 
and Hlussman, ’32; Johnson and Baumann, ’47), although 
there has been some evidence to the contrary (Wiese et ah, 
’47, ’48). 

Certain conclusions as to a relationship between vitamin 
A administration and thyroid activity seem fairly well es- 
tablished. These include the delay in the metamorphosis of 
ffiyroxine-tveated tadpoles to whom vitamin A is admin- 
istered (Eufinger and Gottlieb, ’33) ; the lessened elevation 
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the converse hypothesis ; namely, that thyroid influences the 
utilization of vitamin A. An experiment was set up concerned 
with liver storage of vitamin A in relation to thyroid activity 
in which it was assumed that the storage is an indirect meas- 
ure of utilization; the lower the storage, the greater the de- 
pletion. If the thyroid hormone causes the destruction of 
vitamin A or increases the rate of its utilization, there should 
be decreasing vitamin A storage with increasing thyroid 
hormone activity. 

Previously it has been indicated that adequate functioning 
of the thyroid gland is important for the conversion of caro- 
tene to vitamin A (Anderson and Soley, ’38 ; Drill and Truant, 
’47 ; Escamilla, ’42 ; Pasold and Heidemann, ’33 ; von Euler 
and Klussman, ’32; Johnson and Baumann, ’47), although 
there has been some evidence to the contrary (Wiese et al., 
’47, ’48). 

Certain conclusions as to a relationship between vitamin 
A administration and thyroid activity seem fairly well es- 
tablished. These include : the delay in the metamorphosis of 
thyroxine-treated tadpoles to whom vitamin A is admin- 
istered (Eufinger and Gottlieb, ’33) ; the lessened elevation 


345 



346 C. B. HEIMER, H. L. MASLOW AND A. E. SOBEL 

of the basal metabolic rate or of oxygen consumption iu 
animals given vitamin A simultaneous with the administra- 
tion of thyroxine or dessicated thyroid (Belasco and Murlin, 
‘40; Chevallier and Baert, ’34; Sadhu and Brody, ’47); and 
the decrease in thyroid size in animals treated with the 
thyrotropic hormone (Fellinger and Hochstadt, ’36), thyrox- 
ine or thiouracil (Sadhu and Brody, ’47) after large doses of 
vitamin A, 

However, the literature also contains many reports con- 
ceiming a vitamin A-thyroid hormone relation which are 
conflicting*. Reports disputing any interaction were made by 
Baumann and Moore (’39), Avho found no increase in the 
survival rate of animals given vitamin A and thyroxine si- 
multaneously as compared with animals given thyroxine 
alone. Weslaw and Wroblewski (’39) reported obtaining the 
same results in counteracting thyroid effects by using sesame 
oil as the vehicle for the vitamin. Schneider and Widmann 
( ’34) reported that depletion in glycogen stores in the liver 
brought about by hyperthyroidism as a result of the admini- 
stration of thyrotropic hormone was not found if carotene 
or vitamin A was administered simultaneously, but Fasold 
and Peters (’33) and Steffen and Zois (’38) reported no 
such effect. Finally, Johnson and Baumann ( ’48) were unable 
to find an effect of thyroid on liver storage of vitamin A. 

EXPIUtIHENTAL 

Litters of Wistar strain albino rats raised in our laboratory 
on the stock diet of Bills et al. (’31), varying in age from 5 
weeks to two months, were used. Each litter was split into 
three experimental groups : (1) control, (2) thyroidectomized, 
and (3) thyroxine-treated ^ animals. Thyroidectomy tvas 
chosen as the means of achieving the hypothyroid state, since 
no question of a side reaction from a drug — e.g., one of the 
thiourea compounds — would he involved in the interpretation 
of results. Four days prior to thyroidectomy or the ad- 

* We wish to thank Dr. S, Sidney Newcomber of E. R. Squibb and Sons for 
his contribution of the crystalline thyroxine used in this experiment. 
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ministration of thyroxine, each animal, including controls, 
was given 1000 TJ.S.P. units of vitamin A in corn oil by 
stomach tube (Shay and Gruenstein, ’46) and placed on the 
standard U.S.P. vitamin A-free diet. From this time on till 
the conclusion of the experiment neither vitamin A nor caro- 
tene was administered, because of the concept of increased 
absorption from the gastrointestinal tract in hyperthyroid 
states (Althausen and Wener, ’37) and the necessity of the 
thyroid hormone for conversion of carotene to vitamin A 
(Anderson and Soley, ’38 ; Drill and Truant, ’47 ; Escamilla, 
’42; Pasold and Heidemann, ’33). The thyroidectomized 
animals were also given 2.5 gm calcium chloride per 100 gm 
of the standard diet to avoid tetany due to the inadvertent 
extirpation of the parathyroid glands. Crystalline thyroxine 
was admmistered subcutaneonsly in a dose of 0.2 mg per 
100 gm of body weight per day until termination of the 
expei’iment. The litters were sacrificed at the end of a 38- to 
45-day period and the livers analyzed for vitamin A and 
carotene. The period chosen was based on preliminary ex- 
periments. It Avas long enough for change in thyroid activity 
to have effect but shorter than the time required for complete 
depletion of liver storage of A in any of the groups. The 
pituitaries of the thyroidectomized animals were examined 
histologically to ascertain whether thyroidectomy had been 
successful (Selye, ’47). In all cases where histological evi- 
dence of thyroidectomy was absent, the animals were excluded 
from the series. Two animals out of a total of 12 were thus 
excluded. 

Vitamin A determinations on the livers were done by the 
method of Sobel et al. (’48). The statistical analysis of the 
results was made utilizing Fisher’s (’36) test of significance 
for small samples in which “P” represents the probability 
that the difference between the two means is due to chance. 
11 hen P is 0,05 or less, the difference between the means mav 
be considered statistically significant. 
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DISCUSSION 

From table 1 it can be seen that the mean vitamin A 
storage was highest in the thyroidectomized animals (43.4 
ug/liver), intermediate in the thyroxine-treated animals (34.4 
ug/liver) and lowest in the controls (22.8 ug/liver), while 
weight gain was highest in the controls (103 gm), intermediate 
in the thyroxine-treated animals (46 gm) and lowest in the 
thyroidectomized animals (36 gm) ; i.e. where the highest 
stores were obtained, the weight gain was least. 

The ditferences in weight, comparing the control with the 
hyperthyroid group and the control with the hypothyroid 
group, were sigmificant (P = 0.0001 in the former and P = 

< 0.001 in the latter), but the comparison of the weight 
gain of the thyroidectomized with that of the thyroxine- 
treated animals was not sigTiificant (P = 0.46). However, 
the ditferences in vitamin A storage were all significant. (P, 
comparing controls with thyroxine-treated animals, was 0.03, 
for controls compared with thyi’oidectomized animals was 

< 0.001, and for the thyroxine-treated compared rvith thyroid- 
ectomized animals was 0.05.) 

On the basis of the results, one cannot attribute the vitamin 
A storage, to any great extent, to the direct action of the 
thyroid hormone. If this were to be the case, the thyroidec- 
tomized and the thyroxine-treated animals should show the 
extremes of storage and, as stated in the introduction, the 
hypothyroid animals should show the most and the hyper- 
thyroid animals the least. However, a correlation can be 
seen in comparing storage to weight gain. The highest stores 
were found in the group showing the lowest weight gain, i.e. 
the thyroidectomized group, and the lowest stores in that 
group showing the greatest weight gain, i.e. the controls. It 
appears from these results that the presence or absence of 
thyroid influences storage to a large extent only to the degree 
that it affects growth. These results are in agreement with 
those of Johnson and Baumann (’48), although their experi- 
mental procedure differed in that the hypothyroid state was 
achieved by the administration of thiouracil and the hyper- 
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TABLE 1 

A coftient of the livers of thifroxine-treated, thyroidectomhed 
and normal rais^ 


OROUr 

LITTER * 

SEX 

Initial 

WEIQIIT (OJl) 

Final 

Change 

VITAMIN A 
(/ia/LlVEU)“ 


A 

P 

72 

138 

66 

43.0 


M 

71 

128 • 

57 

38.0 

'A 

B 

M 

65 

121 

56 

28,5 

A 

w 

P 

39 

62 

23 

40.5 

y. - 

r\ 


F 

82 

138 

56 

30.0 

W 
• ^ 

C 

M 

81 

124 

^ 43 

31.0 


D 

F 

84 

119 

35 

36.0 

5^ 

F 

80 

132 

52 

28.0 


Mean 




46 

34.4 



F 

72 

55 

— 17 

55.0 

A 

P 

60 

140 

80 

41.0 


M 

65 

144 

75 

45.0 


M 

69 

84 

15 

47.5 

B 

F 

96 

134 

38 

37.5 


M 

99 

150 

51 

59.0 

C 

P 

81 

127 

46 

33.5 

F 

78 

111 

33 

32.5 

D 

F 

82 

62 

— 20 

52.5 

M 

81 

136 

55 

29.5 


Mean 36 43.4 




58 

203 

145 

25.0 


33 

75 

42 

49.0 


Vi ^ 

60 

199 

139 

18.0 


^ M 

47 

140 

93 

16.0 


86 

170 

84 

21.0 

o 

o 

^ M 

91 

210 

119 

10.0 


® F 

77 

184 

107 

24.0 


92 

186 

94 

19.0 


Mean 



103 

22.8 


P * Comparing thyroxine treated with 
thyroidectomized animals 

0.46 

0.05 

P Comparing controls with 

thyroidectomized animals 

< 0.001 

< 0.001 

P Comparing controls with thyroxine 

treated animals 

0.0001 

0.03 


^ Prior to thyroidectomy or administration of thyroxine, each animal, including 
controls, was given 1000 U.S.P. units of vitamin A in oil and subsequently kept 
on a vitamin A free diet. ^ ^ 


*Each letter represents corresponding litter group. 

* Carotene determinations were made on all livers, but tlie levels in all instances 
Nvere negligible. 

* P == probability that the difference between the two means is due to chance. 
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thyroid state by dessicated thyroid, and vitamin A was 
administered during the course of the experiment. On com- 
paring weight gain and vitamin A storage in the thyroxine- 
treated and the thyroideetomized animals, the difference in 
storage is statistically significant (table 1) but the difference 
in weight is not. From this it appears that stoz’age is affected 
in some way by the thyroid hormone; the greater the thyroid 
activity the lower the storage of vitamin A. 

Even if one were to exclude these thyroideetomized animals 
which lost weight (table 1), the vitamin A stores of that group 
would still be greater (41.3 ug/liver) than those of the 
thyroxine-treated animals, although the weight gain (49 gm) 
would be about equal. While the difference in thyroid activity, 
comparing either of these two groups with the controls, might 
to some extent contribute to the differences in vitamin A 
stores, the growth effect is of so much greater influence that 
it completely masks any such secondary effect. Possibly, if 
an experiment were run using adult animals where growth 
effects Avould be minimum, this secondary effect Avould become 
more apparent. However, the secondary effect, as manifested 
in this experiment, is certainly not of the magnitude one 
would expect if the thyroid hormone influenced the destruc- 
tion or utilization of vitamin A. Also, it cannot be definitely 
stated that this secondary effect is due to the direct actiqii 
of the thyroid hormone on vitamin A, for it may be related 
merely to differences in metabolic activity. 

SUJIMAET 

Vitamin A storage in the liver of rats on a vitamin A free 
diet was highest in the thyroideetomized animals, intermediate 
in the thyroxine-treated animals and lowest in the controls. 

Growth of the control rats was most marked and probably 
accounts for the lower stores of vitamin A during a peiiod 
when only endogenous vitamin A was available to the animals. 
Thyroid activity, in this instance, was indirect, in that growth 
was greatest in the euthyroid state. 
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Higlier stores of vitamin A were found in thyroidectomized 
as compared with, thyroxine-treated animals after a period 
of depletion, although there was no statistically significant 
difference in the weight changes. However, this cannot be 
necessarily ascribed to a direct thyroid-vitamin A relation- 
ship. 
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INTRODUCTION 

The data presented in this publication were collected with 
the purpose of establishing the fasting thiamine and pyruvic 
acid blood concentrations of individuals of various ages. The 
study comprised 220 individuals (117 men and 103 women) 
between the ages of 40 and 102 years. For comparison, 29 
younger individuals (13 men and 16 women) were included 
in the investigation. The majority of the older subjects were 
inmates or patients in the St. Louis City Infirmary and City 
Infirmary Hospital, whereas the greater part of the younger 
subjects were private volunteers. The study was undertaken 
during the months from December, 1947, to May, 1948. Dur- 
ing this period the diet offered the patients in the above- 
mentioned institutions was calculated to contain an average 
of 2,150 cal., 265 gm of carbohydrate, and 1.9'mg of thiamine 
daily, a vitamin content which is considered adequate with 
regard to the calorie intake (Cowgill, ’34). The caloric value 
and thiamine content of the diets of the younger subjects 
vere not e%mluated. None of the individuals studied had re- 

‘Punds and materials provided by Hoffmaan-La Roche, Inc. 
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ceived vitamin prepai’ations prior to the blood analysis. In- 
dividuals with febrile diseases or carcinoma, and patients 
suffering from diabetes mellitus, diabetes insipidus, liver cir- 
rhosis, nephritis, pernicious anemia, leukosis and organic 
gastric and intestinal lesions were not included in the study. 

METHODS 

The thiamine determinations were performed on whole 
blood by the method of Fidedemann and Kmieciak ( ’43) using 
a sensitive fluorometer.^ The blood was collected in the 
morning from the fasting and resting individuals, who had 
received no quinine, salicylates or other fluorescing prepax’a- 
tions during the 24 hours preceding the thiamine determina- 
tion. In the first 80 analyses duplicate blood samples were 
carried through the whole procedure; two aliquots of each 
eluate were oxidized and the thiochrome determined fluoro- 
metrically, thus giving a total of 4 readings for each blood 
sample. The average difference between the mean values of 
the two samples from the same blood was 0.25 pg%, or 7.6%, 
and between the two aliquots of the same eluate 0.23 Mg%j 
or 7.0 %. After the reliability of the technique had thus been 
established, the subsequent analyses were perfoi'med on single 
blood samples with duplicate fluorometric readings on the 
eluate. Thiamine added to the blood was recovered quantita- 
tively, or nearly quantitatively (92 to 103%). 

Determination of hlood pyruvic acid 

^ For pyruvic acid blood determinations the procedure of 
I abricius-Hansen ( ’48) was used, which is based on the meth- 
ods of Lu (’39), Bueding and Wortis (’40), and Carlstrom, 
Myrback, Holmin and Larsson (’39). This procedure, which 
has previously been tested in the laboratory of one of the 
present authors, has proved its reliability and permits quan- 
titative recovery of pyruvic acid added to the blood. The 

= The fluorometer was constructed by the Photo volt Corporation, New York^cTtr, 
and was specially adapted in our laboratory for thiochrome estimations. 
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method is I'ather laborious, as usually 24 to 28 individual 
extraction procedures are required iu each analysis for iso- 
lation of the pyruvic acid hydrazone, but several samples may 
conveniently be carried through at the same time. 

A few modifications of the technique were found advanta- 
geous under our present working conditions. Thus, separa- 
tory funnels instead of ordinary tubes were used for separation 
of the layers and ether was substituted for ethyl acetate. Also 
a Coleman spectrophotometer was employed for the final 
color estimation in place of the step photometer used by F ab- 
ricius-Hansen. For a discussion of the method readers are 
referred to the original publication. The average difference 
found between duplicate analyses in the present seines of 
determinations was 0.06 mg% or 5%. 

EXPEEIMEXTAL 

Fasting blood thiamine concentration 

In figure 1 the fasting thiamine blood values are plotted 
graphically in relation to the age of the individuals. Table 



*2 20 2a 35 44. 52 60 65 74 82 93 93 

YCAflS 
Figure 1 


1 contains the summarized values for the age groups 16-39, 
40-59, 60-69, 70-79, and 80-102 years, and the values for men 
and women separately. It null be seen from the data that 
the values show great variation among individuals and that 
there appears to be a slight tendency to a lowering of the 
blood values with advancing years. This is suggesfed by a 



Fasting thiamine and pgruvic acid in blood 


356 


ESBEN KIF.K A:t?D MABGARET CHIEEEI 



1 




















re 

ire 



tT 

q 

q 

q 

CO 

q 

q 

q 

q 

q 

q 

to 


o 

o 

o 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

a 


















o 


















o 



o 

Ci 

Ci 

!>- 

q 

q 

q 

q 

q 

rH 

q 

q 

b- 

q 

q 

a 

tc 



rA 

r-5 

rH 


I-H 

ci 

rH 

Cl 


r-i 

Cl 

ri 

rH 


"A 

a 

a 

'a 

1 

Cl 

) 

CO 

1 

q 

1 

I 

Ol 

t 

Cl 

1 

q 

} 

q 

) 

q 

oL 

1 

q 

i 

q 

1 

LO 

4j 

4j 

a 



o 

o 

o 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 



















o 


















< 


















o 



















5 


al 

rH 

rH 

T-* 

C5 

q 

q 

q 

q 

q 

q 

q 

q 

d 

q 

a 

a 

> 

o 


rA 

rA 

t-H 

r4 

d 

rH 

r-i 

d 

rH 

rH 

t-i 

r-i 

rH 

rH 

ri 



















6 



uo 

CO 



rH 

00 

t- 

lO 

Id 

Ci 


Cl 

0 

t-H 



t~i 



rH 

di 


rr 

rH 

CO 

Cl 

d 

l-O 

rH 

Cl 

*414 



















o 


















a 



O 

ca 

o 

LO 


Cl 

O 

la 

00 

cl 

t> 

o 


0 

d 

a 







rH 

t-H 




rH 


rH 

rH 

rH 

rH 


















2 

o 

















E- 5t 

















s 

ej 



















d 

o 

o 

o 

rH 


lO 

CC 

t-H 


1.0 

Cl 

t*- 


00 

b- 

Ji 


















a 


















o 



































q 


b- 

q 

Cl 

q 

q 

q 

q 

q 

q 

Cl 

q 

q 

q 

d 

q 



o 


o 

rH 

1—1 

rn 

rH 

rH 

r-< 

i-H 

rH 

rH 

d 

r-i 

rH 

Q 

O 

o 


re 

q 

LO 

q 

rH 

q 

q 

O 

Cl 

Cl 

q 

Cl 

q 

q 

q 

O 

a 

tt 

c 


i-d 

id 

t 

id 

d 

id 

1 

d 

t>^ 



b«^ 

id 

t7 

-lii 

1 

d 

d 

1 

a 

ett 

Xa 


1 

q 

q 

1 

f 

oi 

1 

Cl 

) 

q 

1 

Cl 

1 

tv 

1 

q 

1 

Cl 

1 

q 

1 

tp 

q 

q 




w 

Ol 

oi 


rH 

rH 

d 

rH 

d 

d 

rH 

d 

d 

r-i 

d 

a 




































tl 


















< 

5 


CO 

CO 

q 


rr 

q 

q 

q 

b-; 

q 

q 

Cl 

q 

d 

q 

a 

o 

w 


cd 

cc 

cd 

cd 

cd 

d 

cd 

d 

cd 

cd 

cd 

cd 

cd 

cd 

cd 

r" 


=5. 
















d 



o 

Ci 

c; 

CO 

Cl 

Ci 

Ci 

00 

rH 

o 

T— t 

CO 

rH 

Oi 







" 


'* 

Cl 

rr 


’O' 

re 

t- 

Cl 

CO 

ixo 











C3 











_ 

o 

s 



3 

s 



2 

S 

'c 


3 

H 



3 

S 





o 

s 

o 

o 

rH 

3 

o 

"o 

5^ 

o 

o 

o 

CH 

3 

o 

o 

o 

s 

0 

0 

E-< 
















o 




a 














00 




o 


Ci 






Ci 



Ci 









CO 



la 



!iC 



b- 



> 




3 

< 


1 

io 

rH 



1 

o 



1 

o 

'O 



1 

o 

t*- 



C5 

42 

<: 




Standard deviation of the mean. 



BLOOD THIAJtllNE AND PYRUVIC ACID 


357 


moderate slope of the line representing the mean thiamine 
values in the different age groups in figure 1, and by the 
fact that 8 to 12% of the individuals above 10 years of ag-e 
showed blood values below 2.0 iJg%} whereas values below this 
level were not encountered in the younger subjects. That the 
tendency to a reduction of the thiamine blood value vdth age 
is only slight is exemplified by a calculation of the coefficient 
of cox-relation between age and the thiamine blood concenti-a- 
tion, which was found to be — 0.20. The slight reduction in 
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blood tbiamine concentration may be due, in part at least, 
to the greater frequency of anemia with age, the red blood 
cells containing a higher thiamine value than the plasma. The 
mean thiamine blood value for the 249 subjects examined was 
3.4iig%. No difference was observed between the thiamine 
values in men and women. 

Fasting blood pyruvic acid concentration 

In figure 2 the fasting pyruvic acid blood values for 199 
individuals are plotted graphically in relation to the age of 
the subjects. The values show a great variation among in- 
dividuals but fail to reveal any effect of age or sex on the 
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pyruvic acid blood concentration. The mean pyruvic acid 
value found was 1.1 mg%. 

Correlation befiveen fasting thiamine and fasting 
pyruvic acid blood values 

The correlation between the fasting thiamine and fasting 
pyruvic acid blood values was considered to be of special in- 
terest in view of observations in the literature on the occur- 
rence of elevated blood pyruvic acid concentrations in in- 
stances of thiamine deficiency. In figure 3 the corresponding 

8 . 

S 7. 

c 

cc 
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PYRUVIC ACID IN BLOOD MILLIGRAM PER CENT 
Pigure 3 

values have been plotted graphically. As will be seen, no 
definite correlation can be observed, a fact which is also re- 
vealed by a calculation of the coefficient of correlation between 
the thiamine and pyruvic acid values, which was found to be 
— 0.14, 

DISCUSSION 

The thiamine blood values reported in this paper are some- 
what lower than the values observed by Friedemann and Kmie- 
ciak ( ’43) in examination of 36 adults, using the same analytical 
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procedure (mean value in this investigation, 3.4 ^Jg% ; in 
Friedemann and Kmieciak’s study, 5.7 bnt agree quite 

well with the few analyses reported by Foltz, Barborka and 
Ivy (’44), who like^\dse employed the thiochrome method. As 
a general rule investigators using a microbiological technique 
have found higher values for vitamin Bi in blood than have 
been observed in studies using' the chemical determination, 
a fact which has been discussed by Hennessy (’47). Oldham, 
Davis and Eoberts ( ’46), using a microfermentation procedure 
in an investigation of 11 young women, obsei'ved thiamine 
concentrations of between 4.0 and 6.7 tJg%, with an average 
value of 5.2. The most extensive studies on this subject have 
been reported by Bang ( ’44) , who examined 38 normal, non- 
institutionalized individuals below the age of 70, using the 
phycomyces growth method. The mean thiamine value ob- 
served was 7.9 ag% (5.0 to 12.4 s.d. 2.0); no certain 
correlation was found between the age and the blood thiamine 
concentration. In 13 institutionalized individuals above 70 
years of age slightly lower thiamine values were encountered. 
These findings, apart from the higher absolute values, are 
in good agreement with the observations reported in the pres- 
ent paper. 


SUilMARY 

An investigation was made of the concentrations of blood 
thiamine and pyruvic acid in 220 middle-aged and old in- 
dividuals offered a diet adequate in vitamin Bi, and in 29 
younger subjects. The average concentration of thiamine 
was 3.4 pg% (s.d. 1.1 ng%) and of pyruvic acid 1.1 mg% 
(s.d. 0.3 mg%). A slight tendency was noted for the thiamine 
Value of blood to decrease with age (coefficient of correlation 
tige/thiamine, — 0.20), whereas the pyruvic acid level showed 
no change with advancing years. No significant correlation 
Avas observed between the thiamine and pyruvic acid values 
in the same individuals (coefficient of correlation thiamine/ 
pyruvic acid, —0.14). 
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TOMOKO EUKUI, CHESTER M. GOODING AND CARL F. BROWN 
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(Received for publication March 8, 1919) 

A nuniber of recont investigations have failed to confirm 
the reputed growth-promoting action of vaccenic acid which 
was postulated by Boer, Jansen and Kentie (’47). These 
workers presented data indicating that “summer butter” 
contains a substance not found in “winter butter” or vege- 
table oils, and which has specific growth-promoting proper- 
ties when tested on rats. The compound responsible was 
tentatively identified as vaccenic acid ( A“-octadecenoic acid) , 
since it was believed to be identified with the A^^-elaidic acid 
previously described by Bertram (’28). It was shown by 
Boer, Jansen, Kentie and Knol (’47) that a similar stimu- 
lation in growth could be produced when the diet was sup- 
plemented with vaccenic acid prepared from hydrogenated 
China-wood oil. The fatty acid was admittedly not a pure 
fatty acid, as indicated by lower than theoretical iodine num- 
ber and melting point. 

^This work was carried out under a research grant from The Best Foods, Inc. 
The authors wish to acknoAvledge the helpful advice of Professor Anton J. Carlson 
of the University of Chicago, Professor Arthur W. Thomas of Columbia Uni- 
versity, and Dr. H. W. Vahlteich of The Best Foods, Inc., during the course of the 
experiments. Contribution number 210 from the Department of Biochemistry 
and Nutrition, University of Southern California. 
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Opposite results from those of Boer, Jansen and Kentie 
(’47) were obtained .by Deuel et al. (’48b) when supplements 
of a highly purified vaccenic acid prepared by the method of 
Boeseken et al. ( ’30) were fed to rats. A specimen of hydro- 
genated China-wood oil also produced no stimulatory effect. 
It was suggested that the low growth response obtained with 
rapeseed oil as compared with butterfat might be partially 
attributable to the poor digestibility of the latter fat in rats 
(Deuel, Cheng* and Morehouse, ’48a). Euler, Euler and Linder- 
man (’48) also reported that vaccenic acid produces no aug- 
mentation in growth of rats on a rapeseed oil or margarine 
fat diet. The latter workers found that growth on rapeseed 
oil was markedly lower than on margarine fat, just as Deuel 
et al. (’48b) found to be the case when the growth on a rape- 
seed oil diet was compared with that on cottonseed oil or 
butter diets. Recently, Nath et al. ( ’48) have further con- 
firmed these findings by demonstrating that vaccenic acid iso- 
lated from natural sources or prepared synthetically as the 
cis- or trans- form causes no gTowth-stimulating effect on 
corn oil diets. 

Although in this laboi’atory we have consistently been un- 
able to demonstrate any superior growth-promoting activity 
of summer butter over that of vegetable fats (Deuel et al., 
44), the possibility still exists that the results of Boer, Jan- 
sen and Kentie (’47) may have been obtained with an un- 
saturated fatty acid other than vaccenic acid. The latter acid 
might readily have been confused with A^“-octadecenoic acid, 
'which has a melting point almost identical Avith that of vac- 
cenic acid (39.5°C., Richter, ’42, as contrasted Avith 39.7- 
40.1 C.) and the same iodine number. Rao and Daubert (’48) 
have, however, obtained a value of 42.5 °C. for the melting 
point of vaccenic acid separated from beef talloAv. The im- 
portance of A^“-octadecenoic acid from a nutritional stand- 
point is further emphasized by the fact that its presence has 
been reported in hydrogenated fats (Markley, ’47; Ralston, 
’48). 
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The present experiments were undertaken to determine 
whether A^*-octadecenoic acid possesses any growth-stimu- 
lating activity. For this purpose, a sample of trans-A^'-octa.- 
decenoic acid was available; tests were also carried out with 
a cis-frons-mixture of and A^‘-octadecenoic acids, as 

well as a 50-50 mixture of trans-A^^ and A^"-octadecenoic 
acids. Information concerning the preparation and proof 
of structure of these acids is included in the appendix. 

EXPERIMENTAL 

The tests were carried out with weanling rats from our 
stock colony which were 28 days old. Littermates were evenly 
distributed among the 5 experimental groups. Experiments 
Avere carried out Avith both male and female rats. Sixteen 
rats (8 male, 8 female) were used in each group. The animals 
Avere kept in individual cages Avith raised screen bottoms. 
Food and Avater were given ad libitum but the amount of 
food consumed was measured. Diets Avere prepared weekly and 
AA’ere fed on alternate days. The reserve food was kept in the 
refrigerator between feedings. 

The diets were similar to those used earlier in the vaccenic 
acid tests (Deuel et ah, ’48b). The basal diet consisted of 
ground whole wheat, 72 parts; commercial casein, 5 parts; 
yeast,- 10 parts; salt mixture (Osborne-Mendel, ’17), three 
parts ; and fat,® 10 parts. The fats used, and the supplements 
for the various experimental groups, were as folloAVS : group 
I, butterf at ^ and no supplement ; groups II to V, cottonseed 
oil® with no supplement (II), Avith 20 mg of A^--trans-octa- 
decenoic acid (HI), with 40 mg of a mixture of A^^- and A^-- 
^roK5-octadecenoic acids (IV), and with 40 mg of a mixture 
of cis- and t7'ans-A^^ and A^®-octadeeenoic acids (V). The 

^Anheuser-Busch, strain G. 

’The follovring supplements were added to aU oils per 100 gm oil: carotene 
(General Biochemicals, Inc.) 2.4 mg; fish liver oil containing 350,000 l.U. of 
vatamin A per gram, 19.2 mg; crystalline vitamin D,, 0.05 mg; a-tocopherol, 
36.0 mg; commercial butter fiavor, 1.2 mg. 

Hnudsen brand, sweet cream butter, obtained locally. 

‘Wesson oil. 



table 1 

Summary iahle of mean starting weights^ weight gains, and food consumption of rats receiving a diet containing Vutterfat 
(I) cottonseed oil (II), cottonseed oil plus trans- ^^^-octadccenoic acid (III), cottonseed oil phis A''" A'^‘ 
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Including tlic standard error of tlic mean calculated by the forimila V^dVii-— 1/Vn 
mean and ia the number of observations. ^ 
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supplements were dissolved in cottonseed oil so that the de- 
sired amount was present in 0,1 ml, and were administered 
to the rats daily. 

The results for the 5 groups of rats are summarized in 
table 1. 

DISCUSSION 

No stimulating effect was noted on the growth of rats ivhen 
A^'-oetadecenoic acid or a mixture of and A^^-octa- 

decenoic acids were administered to animals receiving a cot- 
tonseed oil diet. This would indicate that no special growth- 
promoting action can he ascribed to the nusaturated A*"- 
octadecenoic acid. The result of Boer, Jansen and Kentie 
(’47) apparently cannot be due to the presence of the A^-- 
octadecenoic acid in butterf at, which might readily have been 
an unsaturated acid mistaken for vaccenic acid. 

Turpeinen ( ’38) also carried out tests with the ethyl ester 
of A^'-octadecenoic acid prepared from 12-hydroxysteavie 
acid. When 100 mg of a 1:2 mixture of the cis- and trans- 
isomers were fed daily to rats on a fat-free diet, no cnre for 
the “fat deficiency” syndrome could be noted; A^^-cis-oeta- 
decenoic acid was also found to be ineffective in curing- this 
deficiency when fed in 100 mg doses. 

The present experiments also confirm the earlier ones of 
Benel et al. ( ’44, ’48a, ’48b) in showing that an identical growth 
obtains when the dietary fat is hutterfat or cottonseed oil. 
Thus the average gain in weight over the 7-week period was 
149.8 gm with the hutterfat group and 150.5 gm with the 
cottonseed oil group. These experiments would seem to au- 
swer in the negative the question as to wh^her A^--Qctadeeen- 
cic acid possesses any specific nutritive properties. They fur- 
ther confirm this negative answer by demonstrating identical 
gvowdli on hutterfat and cottonseed oil diets. 

SUMMARY 

1. No increase in growth over that obtained ivith the un- 
supplemented diets could he noted in rats fed diets contain- 
ing cottonseed oil and supplemented with /^'^--trans-ooia- 
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decenoic acid, a 1:1 mixture of and A^'-#raRS-octa- 

decenoic acids, or a mixture of cis^ and trans-A^^- and 
A^^-octadecenoic acids. 

2. Identical gTOwth was obtained whether the diets con- 
tained summer butterfat or cottonseed oil. 

3. The tests further confirm the inactivity of vaccenic acid 
( A^^-octadecenoic acid) as a dietary supplement. 

APPENDIX 

Preparation of acids ( Gooding and Brown) 

The acids to be described were prepared with the intention o£ 
comparing them with the solid unsaturated acids of butterfat. It was 
also our intention to identify more positively the acid of butter, 
since it appeared that vaccenic acid might have been confused with 
the closely similar fra?zs-12-octadecenoie acid in view of the poor de- 
gree of purity reported for the naturally-occurring acid. This latter 
objective has not been achieved, since we have been unable to re- 
solve contradictory results of oxidation and ultimate analyses. How- 
ever, we may note that the acids from butter are of the trans con- 
figuration, since their infrared absorption spectra are very similar 
to, if not identical with, that of vaccenic acid isolated from beef 
tallow and reported by Eao and Daubert (’48), and also that of 
synthetic vaccenic acid reported by Ahmad, Bumpus and Strong 
('48). The absorption curve of the butter acid is also closely sim- 
ilar to that of our A^“-octadecenoic‘ acid described below.® 

Prom Texas farm butter there was obtained by means of lead salt 
and mercury salt methods, combined with distillation and crystalli- 
zation from MeOH, a material of m.p. 35-35.5^0., LV. 85.0 and 
eq. ^vt. 287.5, and from New York dairy butter a material of m.p* 
34.7-36.3 °C, and I.V. 84.0. Eepeated crystallization of the latter 
product (10 gm) from acetone gave 1.7 gm of acid of m.p- 41- 
41.5°C. and I.Y. 86.2.‘ Ahmad et al. ('48) have reported m.p. 43- 
44° C. and I.V. 87.3 for synthetic vaccenic acid. 

One thousand grams of hydrogenated castor oil (I.V. 1.7) was de- 
hydrated (Fokin, '12) under reduced pressure by heating for three 
hours at 260° C. with 1% naphthalene sulfonic acid. The resulting 
product was converted to methyl esters by methanolysis, water- 
washed, dried and distilled. The ester mixture of I.V. 69.0 was 

*We are indebted to Dr. H. T. Beaus, Professor Emeritus of Columbia Uni- 
versity, for the determination of the infrared absorption spectra on these com- 
pounds. 
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twice partially solidified by chilling’ to decrease the stearate aud OH- 
stearate content, by ^Yl^icll means the I.V. of the final filtrate was 
increased to 75.1. 

* The liquid esters were saponified with KOH, neutralized with 
glacial acetic acid, and the lead salts insoluble in SD 30 alcohol were 
filtered by suction using a rubber dam. The lead soaps were washed 
with cold water before being converted by boiling with 1:1 HCl to 
acids of 70.4 I.V» The Bertram mercury salt method was^ used to 
separate the solid unsaturated acids from the saturated acids. The 
acids recovered from the filtrate, designated as t7*a9i5-12-octadecenoic 
(I.V. 85.0, m.p. 33.5-37.5^0., S.V. 199.0, A.V. 172), were oxidized 
by KMn 04 in acetone. The dicarboxylic acid fraction had an eq. 
wt. of 116 [theoretical for (CH 2 )io(COOH) 2 , US] and a m.p. of 
94-101^0. A later purification by crystallization from diluted ace- 
tone increased the I.V. to 87-3®C. and the m.p. to 40-41°C. 

A mixture of tra7is-ll and iranS‘12 Cis acids was prepared by 
isomerization of the liquid unsaturated acids recovered from the 
filtrate from the first lead soap separation following the dehydration 
described above, by heating with 0.5% Se powder for 5 hours at 
210*^0. Solid unsaturated acids were separated from liquid unsatur- 
ated acids by the lead soap method. The distilled, bleached, and steam- 
deodorized solid unsaturated acids had the following values: I.V. 
86.7, m.p. 34.5-36.0°C., A.V. 198.7, and S.V. 198.8. A portion was 
oxidized to yield a dicarboxy acid of m.p. 9fi-103°C. and eq. wt. 
110.5, corresponding to that which result from the oxidation of a 
mixture of approximately 65% of A“ and 35% of acids. 

The dehydration of hydrogenated castor oil was repeated and the 
methyl esters distilled and saponified to obtain a mixture of acids 
of I.V. 75.0, A.V. 189, S.V. 198.7. This product was assumed to be 
a mixture of cis- and tmns- A^^ and A^“ acids, with a small pro- 
portion of stearic acid and corresponding methyl esters. 
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XII. THE DIGESTIBILITY OF BAPESEED AXD COTTOXSEED 
OILS IX HHMAX SUBJECTS ^ 

HAEBY J. DEUEL, JE., EICHAED AI. JOHXSOX,’ CLAEEXCE B. CALBEET, 
JAKE GAEDXEE AXD BIOLETTA THOilAS 
DepaTtvicnts of JBioclieTni-stry and Natritioiij and of JfedicuiOj University of 
Southern California School of iledicine, and the Mancho Los Amigosf Los 
Angeles County Department of Institutions, Los Angeles 

(Beceivetl for publication ilaieh 9, 1949) 

Variations in the digestibility of several fats in rats as 
compared ivith man have recently been reported. Thus, the 
coefficient of digestibility of hydrogenated peanut or corn 
oils melting at 50° C. was found to be 92.0 and 88.5, respec- 
tively, in man, although a higher melting hydrogenated peanut 
oil (m.p., 52.4° C.) had a digestibility coefficient of 79 (Holmes 
and Deuel, ’21 ; Deuel and Holmes, ’22) . Blended hydrogen- 
ated cottonseed oil melting at 50°C. was digested to the ex- 
tent of 87%, while blended hydrogenated peanut and corn 

^Tliis work was done under a contract between the University of Southern 
California and the Kesearch and Development Branch, ililitary Planning Division 
of the Office of the Quartermaster General, U. S. Army. 

This paper reports research undertaken in cooperation Avith the Quartermaster 
Dood and Container Institute for the Armed Forces, and has been assigned 
number 247 in the series of papers approved for publication. The views or con- 
clusions contained in this report are those of the authors. They are not to be 
construed as necessarily reflecting the views or indorsement of the Department 
of the Army. 

Contribution no. 209 from the Department of Biochemistry and Nutrition, 
University of Southern California. 

‘Address: Harriman- Jones Clinic, Dong Beach, California. 

MVe wish to thank Mr. W. B. Harriman, Director, and Dr. Douglas W. Kitchie, 
iledical Director, Bancho Los Amigos, for making arrangements for this study. 
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oils melting at 51.1 and 54° C. were found to be digested to 
the extent of 92.8 and 91.5%, respectively, in tests on buman 
subjects (Deuel and Holmes, ’22). In distinction to these 
results on man, hydrogenated cottonseed oil melting at 46°, 
54°, and 65° C. was found to be digested in the rat to the ex- 
tent of only 83.8, 68.7, and 24.0%, respectively (Augur et al., 
’47). Hydrogenated lards melting at 55° and 61°C. had di- 
gestibility coefiScients of 63.2 and 21.0, respectively (Crockett 
and Deuel, ’47). 

Another example of divergent results between man and 
rats has been noted with rapeseed oil. Although Holmes ( ’18) 
reported a digestibility coefficient of 98.8 for 4 male subjects 
who consumed an average of 82 gm of rapeseed oil daily, 
Deuel et al. (’48) found that crude rapeseed oil was digested 
only to the extent of 77% and that the refined oil was 82% 
utilized by rats. 

There are several possible explanations for these apparent 
discrepancies between fat digestibility in man and rats. The 
first suggestion is that a species difference actually exists. 
An example of species variability which is well known is in 
the response to castor oil. In distinction to the cathai’tic action 
produced by castor oil in man, the rabbit, the guinea pig, and 
sheep are able to utilize this fat to a high degree and no in- 
testinal upset results (McCay and Paul, ’38; Paul and McCay, 
’42). 

A second possibility in explaining the variable results is 
that different procedures were employed in the tests. In 
the experiments on man, account was taken only of the ether- 
soluble fraction of the feces, which would include the neutral 
fatty, fatty acid, and nonsaponifiable components. In the 
tests on rats, the fat excreted as soaps was also considered. 
The inclusion of the soap fraction does not change the cal- 
culated digestibility of such low-melting fats as margarine 
fat, commercial hydrogenated cottonseed oil,* prime steam 
lard, and bland lard since the soap content is low and the 
correction for metabolic soap compensates for this factor. 

‘ Crisco, 
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However, this is not tbe case tbe bigber melting fats. 
Without considering tbe soap fraction, a hydrogenated lard 
sample melting at 55°C. was calculated to be digested to 
the extent of 97.6% ; actually, when tbe soap figure was in- 
cluded, tbe fat was found to be utilized only 63.2% (Crockett 
and Deuel, ’IT), In another hydrogenated lard sample melt- 
ing at 61° C., these same authors report a coefficient of diges- 
tibility of only 21 ; bad tbe soap fraction not been considered, 
tbe calculated value would have been 88.7. 

Tbe present experiments were undertaken to determine 
whether rapeseed oil actually is as completely digested in 
man as tbe earlier tests indicate or whether the inclusion of 
tbe soap fraction of tbe feces in tbe computation would alter 
the conclusions. Cottonseed oil was included for comparison 
as it is an oil generally considered to be highly digestible in 
man and one which has been reported to be highly utilized 
by rats. 

EXPERIMENTAL 

The experiments were carried out on 8 volunteer subjects 
who were patients at the Eancho Los Amigos, which is 
one of the units for tbe chronically ill of the Los Angeles 
County Hospital System. Some of tbe subjects were the 
same individuals who had served in earlier studies where a 
comparison of the nutritive value of fresh and dehydrated 
foods was made (Deuel et al., ’47). They were not suffering 
from any ailments which would be expected to alter their di- 
gestive processes or their nitrogen metabolism. The subjects 
were confined to a single ward which was used exclusively 
for the test. The other conditions of the test are similar to 
those reported earlier (Deuel et ah, ’47). 

Three different menus were employed, which were repeated 
in rotation over the experimental periods. They were iden- 
tical in the rapeseed and cottonseed oil tests except that the 
oil used in the food preparation varied with the oil under 
consideration. The composition of the menus and the amount 
of each food served are included in table 1. 
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About 88% of the fat consisted of the test fat, and the 
balance was made up of the lipid components of the low-fat 
diet. The average daily protein intake was calculated at 
66.0 gm and of fat at 58.4 gm, of which 51.6 gm Avas the dietary 
fat under investigation. The average caloric A^alne of the diets 

TABLE 1 


The composition of the different menus employed in the fat digestihility tests 


BREAKFAST 


nUKCH 


DINNER 


Food 

Amt. 

Food 

Amt. 

Food 

Amt. 


am 


gm 


gm 



Alenu I 




Strained orange 


Mashed potatoes 

166 

Vegetable soup 

157 

juice 

183 

Gravy 

65 

Cottage cheese 

100 

Cornflakes 

16 

String beans 

150 

Peach (half) 

100 

Graham date gems 

89 

Hot rolls 

58 

Lettuce 

20 

Sugar 

22 

Lettuce with 

50 

Mayonnaise 

15 



French dressing 

10 

Bread 

30 



Apricot tapioca 

161 

Prune whip 

112 



Alenu II 




Strained orange 


Spanish rice 

176 

Cottage cheese 

100 

juice 

183 

Glazed carrots 

113 

Apricots 

40 

Rice Krispies 

30 

Oornbread 

65 

Orange 

60 

Cinnamon rolls 

65 

Lemon sponge 


Pear in syrup 

60 

Sugar 

22 

pudding 

116 

Lettuce 

20 





Mayonnaise 

10 





Muffins 

53 





Brown sugar tapioca 

112 



Menu III 




Prunes 

100 

Chili and beans 

207 

Creamed peas on 

164 

Cornflakes 

16 

Raw chopped onions 

20 

Steamed potatoes 

150 

Bread 

48 

Bread 

48 

Sliced tomato 

100 

Sugar 

18 

Lettuce 

50 

Cornbread 

90 



Beets 

30 

Pear in .Tello 

152 



Celery 

25 





Green pepper 

8 





French dressing 

10 





Shortcake 

70 





Cherries 

50 




Additional food served: all meals — skimmed milk, 200 gm: breakfast — black 
coffee, 180 gm. » s > 
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was 2,028 cal. and the daily food average 2,ldl gm. One sub- 
ject (Brown) received one-fourth additional portions in both 
tests, while the remaining 7 subjects received the quantities 
of foods listed in table 1. 

The diets employed were extremely appetizing- and ivere 
eaten with considerable relish. It was believed that such a 
dietary regime is more natural and avoids- the considerable 
monotony that was the ease with the blanc mange diets em- 
ployed in the extensive series of tests at the U. S. Department 
of Agriculture (Langworthy, ’23). Excellent subject coopei*- 
ation can be obtained over long periods of time by the use of 
such a varied diet schedule. It does have the objection that 
small amounts of other fats are included in the basic diet. 
However, since these are apparently almost completely di- 
gested, they are not believed to influence the behavior of the 
predominant fat. The rolls, muffins, cornbread, shortcake, and 
gems had a considerable amount of the experimental fat in- 
corporated in them, as did the French and mayonnaise dress- 
ings. These foods were as acceptable irrespective of whether 
rapeseed or cottonseed oil was used in their preparation. 

The rapeseed oil was a commercial sample ^ which was re- 
fined by bleaching and deodorizing.® The refined oil had a 
light yellow color, a satisfactory odor, and a free fatty acid 
content of only 0.01%. The following constants were also 
found : saponification number, 167.7 ; iodine number, 96.3. It 
was the same product employed in the eaidier tests on rats 
(Deuel et ah, ’48). The cottonseed oil used was a commercial 
oil.'’^ 

The methods of urine analysis were similar to those em- 
ployed earlier (Deuel et al., ’47), while the estimation of the 
fecal fat (neutral fat, fatty acid and soap fractions) was 
similar to that employed by Aug-ur et al. (’47). Ho markers 
were used in the separation of feces. Since the subjects 

Obtained from the Pacific Vegetable Oil Company through the courtesy of 
^Ir. M, G. Barradas of The Best Foods, Inc,, San Francisco, California, 

•We wish to thank Mr, R. H. Xeal of the Bayonne Laboratories of The Best 
Foods, Inc., for refining the rapeseed oil. 

’ Wesson. 
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Avere accustomed to laaviug a boAA^el moA’^ment each morning, 
the stool sample on the day of the test Avas rejected but the 
remaining stool samples during the experiments, including 
that excreted on the morning folloAving the termination of 
the diet, Avere used for analysis. Because of the relatively 
long period of the test on each fat (9 days), the inaccuracy 
due to separation is considered to be minimum. The amount 
of fat consumed Avas estimated on the basis of the amount 
used in the preparation of the food. 

The calculation of the digestibility coefficient Avas made by 
the usual procedure, making alloAvance for metabolic fat. In- 
stead of using the correction factor of 9.89% of the Aveight of 
the dried stool (Langworthy and Hohnes, ’15), Avhich is 
based only on the metabolic neutral fat, fatty acid, and non- 
saponifiable components excreted, a new figure of 19.8% Avas 
employed for total metabolic lipids. This Avas calculated on 
the assumption that the neutral fat, fatty acid: soap ratio 
Avas the same as the ratio betAveen these substances in the 
current tests. The soap makes up about 50% of the total 
fecal fat in the 16 tests reported here. 

RESULTS 

The results for the rapeseed oil tests are included in table 
2, Avhile those for the cottonseed oil experiments are given in 
table 3. 

The average digestibility of rapeseed oil Avas 99.0%, Avhile 
the figure for the cottonseed oil was 96.5%. Seven of the 
8 subjects consumed 525.6 gm of fat over the 9-day period, of 
AA'hieh 464.8 gm consisted of the fat under investigation. The 
8th subject, who consumed 25% more of the diet, ate 657 gm 
of fat, of which 580 gm consisted of the fat under investi- 
gation. No nausea or other unpleasant symptoms were noted 
during the course of the investigation. 

The data on ziitrogen excretion indicate that both fats are 
without deleterious effect on the nitrogen metabolism. The 
urinary nitrogen is identical on the rapeseed and cottonseed 
oil diets (8.62 gm) while the fecal nitrogen values are also 



Summary of the digestibility experiments on human subjects on a 
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Estimated intake from quantity added to the food. 



TABLE 3 

Summary of the digestibility experiments on Imman subjects on a naUiral diet containing cottonseed (Wesson) 

oil as the principal fat component 
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practically the same (0,73 and 0.71 gm). An equally favorable 
positive nitrogen balance obtains in tests with both oils (1.33 
and 1.11). 

DISCUSSION 

The present tests indicate that rapeseed and cottonseed oil 
are almost completely digested in man when one includes in 
the calculation that portion excreted as soap. The figure for 
rapeseed oil (99.0) is practically identical with the original 
value of Holmes ( ’18) of 98.8, where the soap fraction was 
not considered. It indicates that a species difference does 
exist between man and the rat with respect to utilization of 
rapeseed oil. 

Although it is recognized that a comparison of digestibility 
in rat and man is complicated by the different diets em- 
ployed in the two cases, such a variation does not bring about 
a difference in the digestibility of cottonseed oil, but only 
of rapeseed oil. This would seem to preclude the difference 
in dietary regime as being responsible for the variation 
in the digestibility of rapeseed oil in rats and man. 

The coefficient of digestibility reported here for cottonseed 
oil (96.5) also agrees well Avith earlier reports where the 
soaps were not taken into consideration. Thus, Langwoidhy 
and Holmes ( ’17) give a imlue of 97.6 for normal man, Avhile 
Holt et al. ( ’35) have reported a figure of 96.9 for normal in- 
fants. 

The differences in utilization between rapeseed and cotton- 
seed oils, while quite small, would seem to be real from a 
statistical vieAvpoint. Thus, in no single instance is there 
any overlapping of the results of individual tests ivith cotton- 
seed oil and the average value noted in the rapeseed oil tests. 
This seems to be largely the result of a higher soap excretion 
in the cottonseed oil tests as compared with the rapeseed oil 
experiments (2.98 vs. 1.56 gm). Inasmuch as the diet used 
is relatively high in calcium, it is also possible that the bi- 
valent ion may have a greater depressing effect on the fatty 
acids of cottonseed oil than it does on the fatty acids of 
rapeseed oil (Cheng, Morehouse and Deuel, ’49). 
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The present tests have shown that a low fat diet can he 
used as a basis for such fat studies, and can be made an ex- 
tremely appetizing one by incorporation of considerable 
amounts of the fat under study. Such a procedure probably 
has advantages over the largely artificial diets foi’merly em- 
ployed in such studies in that the ration is tolerated over long 
periods of time and allows studies to be made of the avail- 
ability of fats when they are incorporated into a normal diet, 

SUMMARY 

1. The digestibility of rapeseed oil has been found to be 
99% in normal men, while that of cottonseed oil Avas found 
to be 96.7% when the excretion of soap is also considered. 

2. Wliile the differences in values between these fats are 
only slight, they are apparently significant. They result from 
the somewhat greater excretion of soap in the cottonseed oil 
tests. 

3. The results using rapeseed oil prove that a species 
difference obtains in respect to digestibility betAveen man and 
the rat. 

4. A basic diet containing a minimum quantity of fat Avas 
employed which avoids monotony and provides an appetiz- 
ing and Amried menu. 
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In view of the high price of heef, there is need for in- 
formation concerning the nutiltive properties of the meat 
of one ent as compared with those of another. Since protein 
is the most important nutritive constituent of lean beef, the 
question arises as to whether the protein in the less ex- 
pensive cuts, such as the neck, shank, or chuck, is of as high 
nutritive value as that in the higher-priced cuts, such as the 
round, loin or rib. Published results of research on meats 
do not supply an adequate answer. 

The results of earlier investigations suggest that the bio- 
logical value of the protein in different cuts of beef is ma- 
terially influenced by the proportion of connective tissue 
present (Mitchell, ’27). Much work has been done by Mitchell 
and associates { ’27, ’28) and by others to develop an accurate 
method for the estimation of collagen in meats, but the re- 
sults have not been entirely satisfactory. Mitchell et al. ( ’28) 
reported that the eye muscle of the rib contained the lowest 
percentage of collagen, whereas the round, sirloin and 
porterhouse cuts showed slightly higher proportions. The 
fore shank contained much more collagen than the rib eye 
muscle. 

The quantitative determination of each of the amino acids 
essential for the rat, and of cystine, is of fundamental im- 
portance in a comparison of the nutritive values of the pro- 
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tein in different cuts of beef, but tbe final proof must depend 
upon tbe results of animal experimentation. Kraybill (’48) 
measured tbe amounts of 10 essential amino acids and cystine 
in tbe rib, ebuck, neck, plate, rump and flank cuts of both 
cboice and utility grades of beef and reported that signifi- 
cant differences were not found. He suggests that “The 
methods for estimation of tbe amino acids may not be suf- 
ficiently accurate to determine tbe small differences existing 
in these cuts.” Kuiken et al. (’48) found that all 10 of the 
essential amino acids in roast prime ribs of beef are com- 
pletely available to tbe rat. 

Tbe purpose of the experiments reported in this paper 
was to determine, by means of feeding tests with young 
albino rats, tbe relative growth-promoting values of tbe pro- 
tein in tbe round, loin, rib, chuck, neck and shank cuts from 
each of two carcasses of beef of different ages. Dried skim 
milk and mixtures of beef and gelatin were tested for com- 
parative purposes. 


EXPEEIMENTAL 
Products tested ^ 

Cuts from tbe carcasses of two beef cattle, a young steer 
and an old cow, Avere used in the experiments. A brief his- 
tory of each follows : 

(1) A young beef-type Shorthorn steer was Aveaned at 
approximately 8 months of age, when it weighed 508 lb. 
and was graded “low choice” as a feeder. The steer Avas 
fed individually for 220 days, the grain mixture consisting 
of corn 5 parts, oats 3, bran 1, and linseed oil meal 1 part, 
by weight. Number 2 leafy alfalfa hay was fed as roughage. 
At the end of the fattening period the steer weighed 905 
lb., having made an average daily gain of 1.8 lb. The steer 
was graded “low choice.’’ The chilled carcass weighed 531 

» The authors acknowledge, with thanks, the assistance of R. L. Hiner in the 
slaughter of the animals and the preparation of the cuts for experimental 
purposes. 
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lb. and. was graded ^^liigli good.’’ The fat content and dis- 
tribution were noimal for a carcass of this grade. 

(2) A Hereford heifer, beginning at 6 months of age and 
at a weight of 319 lb., was fed for a period of 10 years a 
ration low in carotene and vitamin A but otherwise adequate, 
for the purpose of studying the vitamin A requirements for 
reproduction. At first sufficient alfalfa leaf meal to furnish 
30 ag of carotene per kilogi-am of body weight was fed daily, 
but at the end of 4 years the carotene was increased to 60 pg. 
The ration consisted of the following ingredients: barley 
40%, oats 30%, bran 10%, dried beef pulp 10%, linseed oil 
meal 4%, soybean meal 4%, iodized salt 1%, and limestone 
1%. The ration contained 14.6% protein, 9.1% fiber, 3.2% 
fat, 0.54% Ca, and 0.47%P. Oat straw was fed as roughage. 
During a 10-year pei’iod the cow gave birth to a number of 
calves. At the time of slaughter she weighed 1,460 lb. and 
was in excellent condition. The chilled carcass weighed 940 
lb. and was graded “commercial.” It was very fat and there 
was an unusual distribution of intramuscular fat but no 
evidence of fatty degeneration. 

The carcass of each animal was divided into the usual 
wholesale cuts and the following were selected for experi- 
mental purposes: round (rump and shank off), entire loin, 
rib, chuck, neck, and combined fore and hind shanks. The 
lean meat from each cut was cut into small pieces, frozen at 
0°P., ground and dehydrated at 120°F. Considerable dif- 
ficulty was experienced in the dehydration of the lean meat 
of certain cuts from the Hereford cow because of the un- 
usual deposits of intramuscular fat. The dehydrated beef 
was thoroughly extracted with ethyl ether, ground fine and 
stored in friction-top tin cans at approximately 0°F, 

Dried skim milk of a well-known brand, packed in sealed 
tin cans, was also tested. 

Beef sample 4533, used in an expeinment nnth gelatin, was 
a mixture of equal proportions of dehydrated chuck, round 
and loin from the Hereford cow. 
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Diets fed 

The dehydi'ated beef from each cut from each carcass and 
dried skim milk were incorporated in diets in such propor- 
tions as to supply 1.2, 1.6 and 2% of nitrogen corresponding 
to 7.5, 10 and 12.5% protein. In addition, diets containing 
1.2% nitrogen from beef were supplemented with 0.25% 
L-cystine, since Hoagland et al. (’48) had previously found 
beef protein to he deficient in this amino acid. Diets con- 
taining 1.6% nitrogen were also prepared in which 10, 15 or 
20% of the total nitrogen was supplied as gelatin and tke 
remainder as dehydrated beef. 

The following quantities of B vitamins were added to 100 
gm of each diet; thiamine hydrochloride 0.3 mg, riboflavin 
0.3 mg, pyridoxine hydrochloride 0,6 mg, calcium panto- 
thenate 1.5 mg, and chohne chloride 80 mg. 

The fat-soluble vitamins were dissolved in lard and added 
in such quantity that 1 gm of the diet would contain 5 I.B. 
of vitamin A, one unit of vitamin D and 20 jjg of alpba- 
tocopherol. Sufficient kettle-rendered lard was added to make 
10% fat in the diet. Salt mixture (Hoagland and Snider, ’40) 
amounting to 4% and sufficient dextrin to make up 100% 
completed the diet. Each diet was made up in the quantity of 
1 kg at one time and was stored in one-quart glass jars in a 
refrigerator at 40°P. during the course of the experiments. 

The feeding tests were conducted in the manner previously 
described by the present writers (’47). 

EESULTS 
Experiment 1 

The average results of the feeding tests Avith groups of 8 
young male albino rats to determine the relative growth- 
promoting values of the protein in 6 cuts of beef from the 
carcass of a Shorthorn steer are shown in table 1. The gain 
in weight per gram of nitrogen consumed was selected as the 
most reliable basis for comparisons in this and the follow- 
ing experiments. 
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TABLE 1 


Xutriti'i-e value of the protein in different cuts of hcef from the carcass of a 
Shorthorn steer in 30-dap tests with groups of S male albino rats 


DESCBIPTION* OF DIETS 

no. Cut of beef 

PEO- 

TEIK 

CON- 

TEXT 

NITKO- 

GF.X 

CON- 

TEXT 

GAIN 

IX 

weight 

FEED 

CON- 

SUMED 

PEED CON- 
SUMED PER 
GRAM GAIN 
IN WEIGHT 

GAIN 

IN 

WT. 

PER 

GRAM 

OF 

nttro- 

OEN 



% 

% 

gm 

gm 

gm 

gm 



Experiment 1 





1 

Shank 

7.5 

1.2 

85 

323 

3.80 

21.9 

2 

Bound 

7.5 

1.2 

75 

282 

3.76 

22.1 

3 

Loin 

7.5 

1.2 

76 

290 

3.82 

21.7 

4 

Xeck 

7.5 

1.2 

78 

300 

3.85 

21.6 

0 

Bib 

7.5 

1.2 

72 

284 

3.94 

20,9 

6 

Chuck 

7.5 

1.2 

81 

309 

3.81 

21.7 


Average 

7.5 

1.2 

78 

298 

3.83 

21.7 

7 

Shank 

10.0 

1.6 

118 

344 

2.92 

21.4 

8‘ 

Round 

10.0 

1.6 

115 

332 

2.88 

21.7 

9 

Loin 

10.0 

1.6 

125 

356 

2.85 

21.8 

10 

Xeck 

10.0 

1.6 

121 

350 

2.89 

21.6 

11 

Bib 

10.0 

1.6 

120 

348 

2.90 

21.5 

12 

Chuck 

10.0 

1.6 

126 

360 

2.86 

21.9 


Average 

10.0 

1.6 

121 

348 

2.88 

2J.7 

13 

Shank 

12.5 

2.0 

151 

374 

2.48 

20.1 

14 

Bound 

12.5 

2.0 

157 

383 

2.44 

20.5 

15 

Loin 

12.5 

2.0 

148 

374 

2.53 

19.8 

16 

Neck 

12.5 

2.0 

151 

386 

2.56 

19.5 

17 

Bib 

12.5 

2.0 

142 

368 

2.59 

19.1 

18 

Chuck 

12.5 

2.0 

158 

390 

2.47 

20.3 


Average 

12.5 

2.0 

151 

379 

2.51 

19.9 

19 

Shank 4- 0.25% cystine 

7.5 

1.23 

109 

340 

3.12 

26.0 

20 

Bound -f- 0.25% cystine 

7.5 

1.23 

114 

340 

2.73 

27.3 

21 

Loin + 0.25% cystine 

7.5 

1.23 

117 

345 

2.95 

27.5 

22 

Neck + 0.25% cystine 

7,5 

1.23 

113 

351 

3.11 

26.2 

23 

Chuck -f 0.25% cystine 

7.5 

1.23 

121 

366 

3.02 

26.8 

— 

Average 

7.5 

1.23 

115 

348 

2.99 

26.8 


Seven rats. 
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A statistical analysis of tlie experimental data was made 
by means of Fisher’s “t” values for the significance of the 
difference between the means of the gain in weight per gram 
of nitrogen consumed. The following probability values were 
obtained : 

(1) 1.2% nitrogen, diet 5 vs. diets 1, 2 , 3, 4, and 6 — not significant 

(2) 1.6% nitrogen, diet 7 vs. diets 8, 9, 10, 11, and 12 — ^not significant 

(3) 2.0% nitrogen, diet 17 vs. diets 13, 14, and 18 — significant 

«0.02, 0.001, 0.01); diet 16 vs. diets 13, 14, and 18— significant 
«0.05, 0.001, and 0.02) 

(4) 1.2% nitrogen -j- 0.25% cj’stine, diet 19 vs. diets 20, 21, 22, and 23 
not significant 

(5) 1.2% nitrogen vs, 1.2% nitrogen + 0.25% cystine, diet 1 vs. 19, 2 vs. 20, 
3 vs. 21, 4 vs. 22, and 6 vs. 23 — all significant ( <0.001) 

The results of the tests with diets 1 to 6 (table 1) indicate 
clearly that there were no significant differences between 
the growth-promoting values for the protein in the different 
cuts of beef when the diets contained 1.2% nitrogen. 

When the diets contained 1.6% nitrogen, the results of the 
tests with diets 7 to 12 (table 1) likewise show no significant 
differences between the growth-promoting values for the 
different cuts of beef. 

IVhen the diets contained 2.0% nitrogen, the growth-pro- 
moting values for the protein in the neck and rib (diets 16 
and 17) were significantly lower than the values for the 
shank, round and chuck (diets 13, 14 and 18). The average 
growth-promotmg value of the three less expensive cuts 
the shank, neck and chuck — ^was 20.0, as compared with 19.8 
for the three more expensive cuts, the round, loin and rib. 

The addition of 0.25% cystine to diets 19 to 23, containing 
1.2% protein nitrogen, caused a marked increase in the rate 
of growth and efficiency of protein utilization as compared 
with diets 1 to 6, which did not contain added cystine. There 
were no significant differences between the growth-promot- 
ing values of the protein in any of the cuts of beef when 
supplemented with cystine. The rib cut of beef was not tested 
because of an inadequate supply of meat. 
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The results of the experiments wth the 6 cuts of beef 
from the Shorthorn steer show that there were no significant 
differences between the growth-promoting values of the pro- 
tein in the different cuts when the diets contained 1,2 or 
1.6% nitrogen, or 1.2% protein nitrogen -f- 0.25% cystine. 
Only when the diets contained 2.0% nitrogen was a signifi- 
cant difference found between the protein values for the rib 
and neck and three other cuts. The reason for these differ- 
ences is not apparent. On the whole, the results of this ex- 
periment indicate that the pi'otein in the less expensive cuts, 
the shank, neck and chuck, was of as high nutritive value 
as the protein in the more expensive cuts, the round, loin 
and rib. 

It is noteworthy that the average growth-promoting value 
of the protein in all cuts of beef was identical at the 1.2 and 
1.6% levels of nitrogen intake, and the value at the 2.0% 
nitrogen level was only slightly lower. On the other hand, 
there was a marked increase in the rate of growth of the 
rats as the percentage of protein was increased. 

Experiment 2 

This experiment was a duplicate of experiment 1 except 
that the cuts of beef were obtained from the carcass of a 
Hereford cow that had been fed a ration low in carotene for 
a long period of time. The results are shown in table 2. 

A statistical analysis was made of the experimental data 
by the procedure followed in the preceding experiment, with 
the following results: 

(1) 1.2% nitrogen, diet 2A vs. 3A, 4A, 5A, and 6A — significant (<0.05, 
0.03, 0.05, 0.01). 2A va. lA, not significant (<[0.1) 

(2) 1.6% nitrogen, differences not significant 

(3) 2.0% nitrogen, diet 17A vs. 18A — significant (<0.02) ; other differences 
not significant 

(4) 1.2% nitrogen 4- 0.25% cystine, diet 23A vs. 19A, 20A, 21A, and 24A 

significant (<0.05, 0.05, 0.01, 0.01); other differences not significant 

(o) 1.2% nitrogen vs. 1.2% nitrogen + 0.25% cystine, diets lA vs. 19A, 2A 
vs. 20A, 3A vs. 21A, 4A vs. 22A, 5A vs. 23A, 6A vs. 24A — all signifi- 
cant «0.001) ^ 
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TABLE 2 

Nutritive value of the protein in different cuts of heef from the carcass of a 
Hereford cow in 30~day tests with groups of S male albino rats 


DESCRIPTION OP DIETS 
no. Cut of beef 


TENT TENT 


GAIN FEED PER PEK 

IN CON- Q UN GRAil 

weight SGMED j^^vEIGHT op 




% 

% 



Experiment ! 

lA 

Shank 

7.5 

1.2 

2A 

Round 

7.5 

1.2 

3A 

Loin 

7.5 

1.2 

4A 

Neek 

7.5 

1.2 

5A 

Rib 

7.5 

1.2 

6A 

Chuck 

7.5 

1.2 


Average 

7.5 

1.2 

7A 

Shank 

10.0 

1.6 

8A 

Round 

10.0 

1.6 

9A 

Loin 

10.0 

1.6 

lOA 

Neck 

10.0 

1.6 

llA 

Rib 

10.0 

1.6 

12A 

Chuck 

10.0 

1,6 


Average 

10.0 

1.6 

13A 

Shank 

12.5 

2.0 

14A 

Round 

12.5 

2.0 

15A 

Loin 

12.5 

2.0 

16A 

Neck 

12.5 

2.0 

17A 

Rib 

12.5 

2.0 

18A 

Chuck 

12.5 

2.0 


Average 

12.5 

2.0 

19A 

Shank + 0.25% cystine 

7.5 

1.23 

20A 

Round + 0.25% cystine 

7.5 

1.23 

21A 

Loin + 0.25% cystine 

7.5 

1.23 

22A 

Neck + 0.25% cystine 

7,5 

1.23 

23A 

Rib 0.25% cystine 

7.5 

1.23 

34A 

Chuck + 0.25% cystine 

7.5 

1.23 


Average 


324 


26.5 
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Tiie results of the experiment with the diets containing 
nitrogen and using the different cuts from the carcass 
of the Hereford cow suggest that the protein in the round 
was of higher nutritive value than that in the other cuts, 
except the shank, hut there were no other significant differ- 
ences. The fact that the protein in the round was not superior 
to that in the other cuts at the higher levels of intake indi- 
cates that the apparent superiority of the round at the 1.2% 
level of nitrogen intake was fortuitous. 

When the diets contained 1.6% nitrogen there were no 
significant differences between the growth-promoting values 
of the protein in the different cuts of beef. 

The results of the tests with the diets containing 2% nitro- 
gen indicate that the protein in the chuck (diet 18 A) was 
of significantly higher nutritive value than that in the rib 
(diet 17 A). Other differences were not significant. 

When the diets contained 1.2% nitrogen -f 0.25% cystine 
there was a marked increase in the rate of growth and in 
the efiiciency of utilization of the protein in each cut of beef 
as compared with the diets containing 1.2% nitrogen but no 
added cystine. The protein in diet 23 A (rib -h cystine) had 
an unusually high growth-promoting value, significantly 
higher than that for any other diet except 22A (neck -|- 
cystine) . 

In this experiment there were only relatively small dif- 
ferences between the average growth-promoting values for 
all cuts at the 7.5, 10, and 12.5% levels of protein intake. 
The average growth value for the protein at each level of 
intake was slightly higher for the cuts from the Shorthorn 
steer (table 1) than for those from the Hereford cow (table 
2) but a statistical analysis of the experimental data indi- 
cates that the differences were not significant. 

Experhnent 3 

This experiment was conducted to determine (1) the 
growth-promoting value of the protein in dried skim mifir 
at the 1.2, 1.6, and 2.0% levels of nitrogen intake, and (2) 
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the effects of the addition to heef of different proportions of 
gelatin on the nutritive value of the protein at the 1.6fo 
level of nitrogen intake. In order to simplify comparisons 
between diets in this and previous experiments, the factor 
6.25 was used to convert nitrogen to protein. The results 
are sho%vn in table 3. 


TABLE 3 

Nutritive value of the protein in dried sMin millc and in mixtures of dried raw 
heef and gelatin m 30'day tests roitli groups of 8 male alhino rats 


DESCRIPTION OF DIETS 

no. Source of protein 

PRO- 
TEin ^ 
CON- 
TENT 

NITRO- 

GEN 

CON- 

TENT 

GAIN 

IN 

WEIGHT 

FEED 

CON- 

SUilED 

VEED CON* 
straiED PER 
gram GAIN 
IN WEIGHT 

GAIN 

IN 

WT. 

PER 

GRAir 

OF 

nitbo* 

QBN 



% 

% 

gm 

gm 

pm 

gm 



Experiment 3 





IB 

Pried skim milk 

7.5 

1.2 

88 

328 

3.73 

22.2 

2B 

Pried skim milk 

10.0 

1.6 

124 

375 

3.02 

20.6 

3B 

Pried skim milk 

12.5 

2.0 

132 

362 

2.74 

18.2 

4B 

Pried beef 4532 

10.0 

1.6 

124 

367 

2.96 

21.0 

oB 

Pried beef 4533 + 








10% gelatin nitrogen 

10.0 

1.6 

107 

348 

3.25 

19.2 

6B 

Pried beef 4533 + 








15% gelatin nitrogen 

10.0 

1.6 

109 

352 

3.23 

19.3 

7B 

Pried beef 4533 + 








20% gelatin nitrogen 

10.0 

1.6 

97 

337 

3.47 

17.9 


* Protein content = N X 6.25. 


A statistical analysis was made of the experimental data 
with the following results : 

(1) Piet IB va, 2B and 3B — significant (<0.01j 0.001) 

(2) Diet 2B vs. 3B — significant (<0.02) 

(3) Piet IB vs. average of diets 1 to 6 — not significant 

(4) Piet IB vs. average of diets lA to 6A — ^significant {<0.02) 

(o) Piet 2B vs. average of diets 7 to 12 — significant (<0.01) 

(6) Piet 2B vs, average of diets 7A to 12 A — not significant 

(7) Piet 3B vs, average of diets 13 to 18 — significant ( <0.001) 

(8) Piet 3B vs. average of diets 13A to 18A — ^significant (0.001) 

(9) Piet 4B vs. 5B, 6B, 7B — significant (<0.001, 0.01, 0.001) 

(10) Piet 5B vs. 7B— significant (<0.01) 

(11) Piet 6B vs. 7B — significant (<0.05) 
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The results of the experiments with dried skim milk show 
an increase in the rate of growth of the rats hut a deciease 
in the efficiency of utilization of the protein as the per- 
centage of nitrogen in the diets was increased from 1.2 to 1.6 
or 2.0^. A comparison of the growth-promoting value of 
milk protein (gain per gram of nitrogen consumed) at each 
level of intake (table 3) with the average values for all 
cuts of beef at the same level of intake (tables 1 and 2) yields 
the following results: (1) At the 1 . 2 % nitrogen level, the 
protein in dried skim milk had approximately the same 
growth value as all cuts of beef from the Shorthorn steer 
(table 1), but one significantly higher than the average 
value for all cuts from the Hereford cow (table 2) ; (2) At 
the 1.6% nitrogen level the average value for all cuts from 
the Shorthorn steer (table 1) was significantly higher than 
the value for milk, but the average value of the cuts from 
the Hereford cow (table 2) was approximately the same as 
that for milk*, (3) At the 2.0% nitrogen level, the average 
value for all the cuts from each carcass of beef was signifi- 
cantly higher than the value for milk. 

The admixture of different proportions of gelatin with 
dehydrated raw beef materially lowered the growth-pro- 
moting values of the mixtures as compared with those of 
beef alone. "When nitrogen constituted 1.6% of the diet, the 
replacement of 10, 15 or 20% of the beef nitrogen by gelatin 
nitrogen resulted in a marked decrease in the rate of growth 
and in the efficiency of protein utihzation. The fact that the 
protein in the less expensive cuts of beef, such as the neck, 
shank and chuck, did not differ consistently in growth-pro- 
moting value from the protein in the more expensive cuts 
such as the round, loin and rib, suggests that the difference 
in collagen content of the two groups of cuts is not suf- 
ficient materially to affect the nutritive value of the total 
protein m the meat. 

SUMMARY 

The relative nutritive or growth-promoting values of the 
protein in 6 different cuts of beef from each of two ear- 
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Casses, one of a Sliortlioni steer graded “Mgli good” and 
the other a Hereford cow graded “commercial,” were de- 
termined by feeding tests with young male albino rats. Tbe 
following cuts of beef were tested: round, loin, rib, chuck, 
neck, and combined fore and hind shanks. 

When protein constituted 7.5% of the diets, there were 
no significant differences between the nutritive values of the 
protein in the different cuts from the Shorthorn steer. In 
tests with the cuts from the Hereford cow, the protein in the 
round had a higher value than that in the other cuts except 
the shanks. 

When protein constituted 10% of the diets, there were no 
significant differences between the nutritive values of the 
protein in the different cuts of beef, either from the Short- 
horn steer or from the Hereford cow. 

When the diets contained 12.5% protein, the growth-pro- 
moting values of the protein in the rib and neck from the 
Shorthorn steer were slightly lower than the values for the 
shank, round or chuck. The protein in the rib from the Here- 
ford cow had a slightly lower value than the protein in the 
chuck. 

The average growth-promoting value of the protein at 
each level of intake was slightly higher for all the cuts from 
the Shorthorn steer than for those from the Hereford cow, 
but the differences were not statistically significant. 

Wlien diets containing 7.5% protein were supplemented 
with 0.25% cystine, there was a marked increase in the rate 
of growth and in the efficiency of utilization of the protein 
in each cut of beef from each animal. There wmre no signifi- 
cant differences between the nutritive values of the protein 
in the different cuts from the Shorthorn steei'. The protein 
in the rib from the Hereford cow had a significantly higher 
value than that in any other cut, except the neck. 

The average nutritive value of the protein in the cuts of 
beef from the Shorthorn steer, at the 7.5% level of protein 
intake, was approximately the same as the value for dried 
skim milk. When the diets contained 10.0 or 12.5% protein, 
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the beef protein was of biglier nutritive value than the milk 
protein. 

The average nutritive value of the protein in the cuts 
from the Hereford cow was lower than the value for milk 
at the 7.5% protein level, the same at the 10% level, but 
higher at the 12.5% level. 

The admixture of gelatin with beef, in the proportions of 
10, 15, or 20% of the total nitrogen in the diets, definitely- 
lowered the nutritive value of the total protein when the 
diets contained 1.6% nitrogen. 
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PROCEEDINGS OF 

THE THIRTEENTH ANNUAL jMEETING OF THE 
ASilERICAN INSTITUTE OF NUTRITION 

THE STATLER HOTEL AND THE MASONIC TEMPLE 
DETROIT, MICHIGAN, APRIL 18-22, 1949 

COUNCIL MEETINGS 

Council meetings were held in the Statler on Sunday and 
Monday, April 17 and 18. Formal actions of the Council are 
reported in the minutes of the business meetings. 

SCIENTIPIO SESSIONS 

The scientific program consisted of 8 half-day sessions of 
papers grouped according to subject matter and a symposium 
on “Nutrition in Preventive Medicine” held on the evening 
of April 21. Ninety-four papers were presented at the sci- 
entific sessions and 4 papers were read by title. The Institute 
also participated in the Joint Session of the Federation on 
the evening of April 19.' 

BUSINESS SESSIONS 

Two business meetings were held ; one at 4 : 30 p.m., Tuesday, 
April 19, and one at 4:30 p.m., Thursday, April 21. Presi- 
dent E. M. Nelson presided at the first meeting and Vice-Presi- 
dent C. G. King was in charge of the second meeting. Items 
of business received attention as follows; 

Tuesday, April 19, 4:50 p.m. The meeting was called to 
order by President E. M. Nelson. The President appointed 
Dr. H. R. Bird and Dr. A. Arnold to serve as a Tellers’ 
Committee and ballots on the election of officers were trans- 
mitted to this Committee by the Secretary. 
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Piesident Nelson refei’red to the Proceedings of last year’s 
meeting, as pubished in the June, IDJS, issue of The Jouesae 
OF NuTRiTioiT, and a call was made for corrections or additions. 
No objections being noted, the published transactions of last 
yeai s meeting' were declared approved. 

The Piesident reported that since the last meeting the 
Special Committee charged with the responsibility of setting 
up the rules and regulations for the award made available 
by the Nutrition Foundation, Inc., had recommended that this 
awaid be called the “Osborne and Mendel Award.” This rec- 
ommendation had been approved by the Council. 

The report of the Treasurer, N. E. Ellis, was submitted. 
The Auditing Committee (Dr. Elsa Orent-Keiles and Dr. 
Esther L. Batchelder) presented a report stating that the 
ooks of the Treasurer were in order. The Treasurer’s x’e- 
port was adopted. 

The Secretary reported that the Executive Committee of 
the Federation had taken the following actions: 

Decided that the next annual meeting would be held at At- 
lantic City, NeAv Jersey, during the week beginning April 9. 

Recommended that the Federation assessment be set at 
three dollars per member. 

Recommended that the secretaries of the constituent soci- 
eties serve as the Editorial Boai’d for the Federation Proeeed- 

1 aplacing the Control Board which has been functioning 
in this capacity. 

Dr. H. J. Deuel, Jr., reported that Dr. George B. Cowgill 
lad been elected by the Editorial Board of The Jotibi^al of 
hvuTKiTiox to serve as Editor for the coming 5-year period, and 
that Dr. Cowgill had accepted. Dr. Deuel read the following 
motion which had been unanimously adopted by the Editorial 
Board : 

It was moved that the Editor be cordially thanked for 
his services during the past 10 years, that he be re-elected for 
the ensuing 5 years, and that he be urgently requested to ac- 
cept the action of the Board.” 
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The annual report of the Editor of The Journal op Nutri- 
tion was submitted by Dr. G. R. CoAvgill. The report follows : 

Two volumes (Nos. 35 and 36) were published during 1948; 
they contained 64 and 67 articles, respectively, which was an 
increase of 10 papers over the number published in 1947. 
The number of pages per article proved to be almost identical 
with that for the previous year. 

During 1948, because of rising publication costs, Wistar 
Institute found it necessary to review every aspect of its 
printing shop operations. Following its study, the subscrip- 
tion price for most of the Wistar publications was increased 
and certain other actions taken. With respect to The Journal 
OF Nutrition (a) the subscription rate to non-society mem- 
bers was raised from $5.00 to $7.00 per volume beginning in 
January, 1949 ; (b) the number of volumes to be published an- 
nually was increased from two to three; (c) the number of 
pages per volume was reduced from 720 to 600, the net effect 
of which is the publication of at least 1800 instead of 1440 
pages per year; and finally, (d) the Editor was allowed ad- 
ditional pages not to exceed 200 annually as he might need 
them in order to secure the most prompt publication of accept- 
able material. The Editor proposed to Wistar Institute — and 
it was accepted — that there be no change in the subscription 
rate for members of the American Institute of Nutrition, who 
are required to subscribe as a condition of membership. In- 
asmuch as (a) members of the society had already paid through 
annual dues for two volumes of the Journal and thus Avere 
entitled to issues up to and including that for April, 1949, 
and (b) new dues would have to be voted at the next annual 
meeting scheduled for Detroit in April, 1949, the Editor 
further proposed to Wistar Institute — and it was accepted — 
that any change in the annual cost of the Journal to society 
members not be effective until after the next annual meeting:, 
at which annual dues would be discussed and then voted. If 
the new arrangement is adopted, the part of the annual dues 
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covering subscription to tbe Journal (for three volumes) will 
be $7.50. 

A cumulative index covering a 10-year period (1938-1948) 
and 21 volumes (16-36 inclusive) is being prepared. It should 
be ready during tbe summer of 1949. 

A motion was passed setting tbe total dues of members 
at $11.50 for tbe next year. Of tbis amount, $1.00 is allocated 
to tbe Institute of Nutrition, $3.00 to tbe Federation and 
$7.50 for subscription to The Journal op Nutrition. 

Dr. G. R. Gowgill discussed in further detail tbe prepara- 
tion of tbe 10-year cumulative index. He presented tbe re- 
quest of tbe Wistar Institute of Anatomy and Biology that 
tbe American Institute of Nutrition assume financial respon- 
sibility for publishing tbe index to tbe extent of the cost of 
one volume per member. Dr. J. E.. Murlin moved that, if a 
deficit occurs in publishing tbe index, tbe Institute of Nutri- 
tion would assume responsibility equal to tbe cost of one 
copy per member, less a credit for tbe number of copies that 
have been purchased by members. Tbe motion was passed. 

A motion was passed authorizing tbe Secretary to j)repare 
and distribute with tbe ballots for election of officers a printed 
directory of members with their affiliations. 

Tbe report of tbe Committee on Pathological Registries, 
consisting of Dr. R. E. Johnson, Chairman, Dr. 0. A. Bessey 
and Dr. W. H. Sebrell, on the desirability and feasibility of 
sponsoring a Registry of Nutritional Pathology as a neAV unit 
of tbe American Registry of Pathology was presented by 
Dr. Johnson, Tbe Committee recommended that such a regis- 
try be sponsored by tbe American Institute of Nutrition and 
submitted an organization plan by which tbis registry Avould 
be set up. The report Avas adopted. 

President Nelson requested authority to appoint a commitee 
to study present procedures used in selecting recipients ot 
awards and in conferring these awards and to make recom- 
mendations at tbe next annual meeting that Avill lead to im- 
proved procedures. The request Avas approved. 
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The Tellers’ Committee reported the election of the follow- 
ing officers for the year beginning J itly 1, 1949 : 


President 
Charles G. King 
Vice President 
WiCNDELL H. Griffith 
Councillor 
Arthur H. Smith 


Editors 
William J. Darby 
David AI. Heosted 
Pe.vrl P. Swanson 


The meeting was adjourned at 5:20 p.:m. 

Thursday y Ayril 21, 4:30 p.:\d The second business meeting 
was called to order by Vice President C. G. King. The Tellers’ 
Committee reported the results of the voting upon suggestions 
for the nominating committee. The names of the 10 members 
receiving the highest number of votes were submitted for the 
guidance of the President. 

The Secretary presented the report of the Committee on 
Nomenclature (C. A. Blvehjem, Chairman; E, M. Nelson, A. 
D. Welsh, H. J. Almquist). The report was adopted. This re- 
port is as follows: 

‘^It is recommended that the name folic acid and the syn- 
onym folacin be adopted for the compound which has been 
identified as N- [4^ { [(2-amino-4-hydroxy-6-pteridyl) methyl] 
amino } benzoyl] glutamic acid and which has previously 
been designated by several names including pteroylglutamic 
acid, vitamin and L, casei factor. 

It is recommended that the name pyridoxal be adopted for 
the compound which has been identified as 2'methyl-3-hy- 
droxy-4-formyl-5-hydroxy-methylpyridine. 

It is recommended that the name pyridoxamine be adopted 
for the compound which has been identified as 2-methyl-3- 
hydroxy-4-aminomethyl-5-hydroxymethylpyridine. 

It is further recommended that the term vitamin Bg be 
he used as a group name to include pyridoxal, pyridoxamine 
and pyridoxine, and that these specific names he used only 
where the corresponding chemical compound is meant. (This 
recommendation specifically recognizes that the terms "vita- 
min Bo’ and "pyridoxine’ should no longer be used s 3 mon- 
jmiously.) ” 
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The Secretary presented a resolution submitted by the Ex- 
ecutive Committee of the Federation concerning' policies used 
in selecting and developing the Medical Service Corps, Medi- 
cal Allied Sciences Section, U.S. Army. A motion was passed 
adopting the resolution and recommending that it be trans- 
mitted to Surgeon General R. W. Bliss. The • resolution is 
as follows: 

“The Executive Committee of the Federation of American 
Societies for Experimental Biolog-y recommends to the re- 
spective member societies that they transmit to the office of 
the Surgeon General, United States Army, attention. Major 
General R. W. Bliss, a resolution of the following nature: 

WHEREAS, the members of our organization are greatly 
interested in the development of policies that ivill lead to 
maximum military effectiveness of scientific personnel, 

Be it resolved that we respectfully urge further and con- 
tinued consideration of the recommendations formulated at 
the Medical Service Corps Conference, hledical Allied Sci- 
ences Section, May 27 and 28, 1948; and 
Be it further resolved that in order to keep our members 
informed concerning their opportunities and responsibilities, 
similar conferences should be scheduled to review progress 
and to discuss the related problems of mutual interest.” 

The report of the Council on the election of new members 
was adopted. 

The following persons were elected to membership in fhe 
American Institute of Nutrition: 


James B. Allison 
A. E, Axelrod 
Elizabeth C. Callisoii 
Bena C, Cederquist 
Cliaxles S. Davidson 
Paul P. Fenton 
Gottfried S. Fraenkel 
Charles B. Gran 
Max K. Horwitt 
H. C. Hou 
Carl J. Koehn 


Prank H. Kratzer 
Willard A. Krehl 
Henry A. Lardy 
Frieda L. Meyer 
Walther H» Ott 
Leo T. Samuels 
Nevin S. Scrimshaw 
William C. Sherman 
Mary Speirs 
Carleton R. Treadwell 
LeBoy Voris 
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Discussion of the procedures by which awards are made 
brought out the points that a re-examination of the present 
procedures is in order and that efforts should be made to 
obtain greater stimulation and more publicity in regard to 
the awards made through the Institute of Nutrition, 

There was considerable discussion concerning the desir- 
ability of presenting a better scientific program. Dr. E. W. 
McHeiuy presented a motion to have the President appoint 
a committee of 5 members to study present procedures re- 
garding the program of the annual meeting and to make rec- 
ommendations to the Program Committee and to the Institute 
at its next annual meeting of ways by which the scientific 
program may be improved. The motion was passed. 

The meeting was adjourned at 5:20p.ir. 

DIXlsTSE AND PRESENTATION OF AWARDS 

The Institute held its armuai dinner on Wednesday eve- 
ning, April 20, 1949, in the Book-Cadillae Hotel. 

Very stimulating addresses were made by President E. M. 
Nelson, Dr. W. C. Russell and Dr. C. G. King. Dr. Nelson 
spoke upon Ms work as a delegate to a meeting in London, 
June 10 and 11, 1948, of the Provisional Committee to con- 
sider the formation of an International Union of Nutrition 
Societies. At this conference it was agreed that the name 
of the proposed organization should be the “International 
Union of Nutrition Sciences.” A tentative constitution and 
by-laws for the proposed union was prepared and adopted. 
Application has been made to the International Congvess of 
Scientific Unions for the establishment of an International 
Union of Nutrition Sciences and this application will be acted 
upon in September, 1949. Dr, Russell spoke upon the ac- 
tivities of the National Research Council, with special refer- 
ence to the work of the Pood and Nutrition Board. Dr. King 
discussed the operation of the Medical Allied Services Section 
of the Medical Corps of the Army, particularly as it relates 
to the development of scientific information and the opportun- 
ities for a scientific career in the Army. 
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Tlie Mead Johnson Company Award was divided equally 
between two recipients, Dr. Karl A. Folkers and Dr. Mary S. 
Shorb. The award was granted to Dr. Polkers for “isolating 
in crystalline form a new chemical substance, designated as 
vitamin Bj,, that is active in the treatment of pernicious anemia 
and of importance in other phases of nutrition,” and to Dr, 
Shorb for “pointing* out the possible connection between the 
anti-anemia factor and a groivth factor for bacteria and for 
developing a baetei’iological assay procedure that materially 
assisted in the isolation of the compound designated as vita- 
min Bin.” 

The Borden Award in Nutrition was presented to Dr. Harry 
J. Deuel, Jr., for “reseai'ch emphasizing the nutritive im- 
portance of components of dairy products.” 

The Osborne and Mendel Award was presented to Dr. 
William C, Eose for “his contributions to our knowledge of 
nitrogen metabolism and the amino acid requirements of ex- 
perimental animals and man.”. 

COMMITTEES FOB 1949-1950 

President E. M. Nelson appointed the following committees 
for the year beginning July 1, 1949 : 

Nomi'iiating Committee 

loiE jMacy Hoobi.br, Chairman 

E. W. Cr^vmpton 

H. J. Deuel, Jr. 

L. A. Mayntard 

F. J. Stare 

Committee on Rules for Atvarcls 
W. G. Russell, Chau man 
H. E. Carter 
R. R. SlLkLOCK 
C. D. Tolls 
J. Waddell 
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Committee on Program Policy 
\V, H, GsimTU, Chairman 
G. B. CowoiLL 
P. S. Daft 
B. M, l»rv^£aTO^ 

E* W. McHeney 

Oo^nmittee on Begistry of Nnh'itional Pathology 

K. E. Johnson^ Chairman 

O. A. Besset 

P. L. Philxjcps 
\V. H. BmKELL 

Insiitnte Eepi'esentatives on Joint Committee on Nomenclature 

H. J. Aljmquist 
C. A, ELVBHJEil 

Respectfully submitted, 

JOSEPH H. ROE, Secretary 
American Institute of Kutrition 




RELATIVE TO EGG BIOLOGICAL VALUES AND 
REPLACEMENT VALUES OF SOME CEREAL 
PROTEINS IN HUMAN SUBJECTS ' 

LELAND C. CLABK, HELEN EYER AND JOHN E, ilUELIN 
De^^artment of Vital Economics, Universiti/ of Rochester, New YorJ: 


(Received for publication December 26, 1948) 


This study on a group of 11 young men was performed in 
August and September’, 1943, Four cereal breakfast foods — 
two of them whole oat products, one three-quarters oats, and 
another whole wheat — were tested on these subjects alter- 
nately with a whole egg diet, and the biological and replace- 
ment values of the contained protein calculated from nitrogen 
balances against similar balances from whole egg protein. 

The whole oat proteins will be designated no. 1 and no. 2. 
The first ^ is sold in 5-lb. paper bags to institutions, like hos- 
pitals, hotels and restaurants, the second ® in 1-lb. packages 
through the retail trade. The third product, ■* which was new 
in 1943, consisted of “75% ground oatmeal, 20% corn and 
rye flours, and the remaining 5% made up of salt, sugar, 
sodium phosphate, calcium carbonate, vegetable oil, iron salts, 
niacin, thiamin and riboflavin.” We understand that in the 
course of its preparation the mixture is cooked to softness and 
squeezed through presses to make little doughnut-shaped 
rings, which are then dried and puffed. This latter process 
is carried out by subjecting the product “to a pressure of 

‘ This work was supported by a grant from the Quaker Oats Company of 
Chicago. 

* * ‘ Buckeye ’ ^ Rolled Oats, made by the Quaker Oats Company, 
manufactured by the Heeker Products Company. 

***Cheenots,^’ now called “Cheerios,’* manufactured by General Mills, Ine. 
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80 to 100 lbs, at a temperature of 190 °C. to 232 °C. for 54 to 
64 minutes,” then letting otf the pressure to produce the 
effect of popping corn. The starch granules are disrupted and 
are thus more easily attacked by the digestive juices. This 
product is here called the “putfed mixed cereal.” 

The 4th product,^ made from whole wheat, is processed as 
follows: “It is ‘scoured’ to remove beard, fine dust and loose 
particles of the outer bran, then is steam cooked to 118°C., 
after addition of cane sugar (7%), salt (3%), and malt syrup 
(0.5%).” It is then dried and flaked (hence it is here called 
“flaked wheat”) by passage between warm rollers and finally 
toasted “in hot-air ovens where the temperature of the hot 
air is varied along the line but at no point exceeding 180°C.” 
The temperature of the product is, of course, less than that 
of the hot air. This last-named cereal was used in a former 
study (Murlin, Nasset and Marsh, ’38) and a considerable 
reduction in the biological value of the protein as compared 
with that of other whole wheat products was obtained. We 
Avere interested to see if the Amlues obtained 6 years earlier 
could be duplicated, or Avhether some improvement had been 
made to conserve the biological value of the protein. SteAvart, 
Hensley and Peters (’43) haAm shoAvn that the capacity to 
maintain groAvth in rats is definitely impaired by subjecting 
a mixture of oats, corn and rye (presumably identical with the 
product Ave have called “puffed mixed cereal”) to the ex- 
plosion or puffing process, as compared AA'ith the groAvth 
obtained on a similar mixture of the same cereals not so 
treated. 

METHOD 

The egg replacement method originally described by Sum- 
ner, Piex'ce and Murlin ( ’38) was adopted because it proAudes 
a diet Avhich can be tolerated much longer and Avith far less 
alimentary distress by human subjects than the no-protem 
control diet employed in the more rigid biological Amlue 
method of Thomas (’09) and of Martin and Bobison (’24). -A- 
biological value of equal validity for comparative purposes 

» < ‘ Wheaties/ ^ also manufactured by General Mills, Inc, 
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with that of these authors can be calculated on the assumption 
that the egg- standard diet is attended by no greater alimentary 
losses of nitrogen than an extremely low protein diet,” or one 
containing no protein at all. 

As in previous work fi*om this laboratory, the egg standard 
diet and the experimental test diet each contained approxi- 
mately 80% of the protein from egg or cereal, 10% from 
“4X” cream and butter, and 10% from all the remaining 
constituents: viz., a plain salad of lettuce and ripe tomato 
with seeds removed, a dish of applesauce of standard make, 
and ox'ange marmalade or jam. The distribution of calories 
among the three proximate principles averaged 5% for pro- 
tein, 50.1% for carbohydrate and 44.9% for fat. The ranges 
were from 4.5 to 5.4% for protein, 48.9 to 51.7% for eai*bo- 
hydrate, and 43.0 to 46.1% for fat (table 1). Calories per 
kilogram body weight per day averaged 45 and per square 
meter body surface (DuBois) 1,720 per day. 

To make sure that each subject received sufficient vitamins 
throughout, a single polyvitamin tablet ’’ was given to each 
member of the squad once a day, and for a mineral supple- 
ment two no. 0 capsules containing triealcium phosphate and 
ferric phosphate were taken at each meal. These 6 capsules 
supplied 0.6 g-m calcium, 0.3 gm phosphorus and 12 mg iron 
daily, in addition to the amounts contained in the food. 

As the principal source of energy of the egg diet, a corn- 
starch muffin was baked of such a size that each provided, 
approximately 207 Cal. The composition of this muffin — an 
evolutionary improvement on a previously used cornstarch 
“bread” (Sumner and Murlin, ’38) — in an amount making 
4 muffins, an average daily serving for one man, was as fol- 

•For example, iu the 1938 study (ilurliu, Nasset and ilaish) referred to, there 
Nvere 6 periods comprising a total of 30 days on the standard egg diet when 
the squad of 10 men showed an average daily excretion of only 0,77 gm fecal 
nitrogen. The diet contained an average total of 5.97 gm N, In a recent study 
(Hawley, Murlin, l^asset and Sz^Tnanshi, ^48) the average daily fecal excretion by 
10 men on a protein diet for 7 days was 0.72 gm N. The diet contained only 
0.290 gm N, aside from caffein N amounting to 0.117 gm. 

’ Upjohn ’s ‘ ‘ Unicap. ’ ^ 
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lows in grams: Cornstarch 100, crisco 27, baking powder 5, 
‘ ‘4X’ ’ cream 33, salt 2, egg 33, sugar 10, water 46, and gum ara- 
ble 20, It was baked in muffin tins to a light brown color and 
proved superior in flavor as well as in texture to the formerly 
used “bread ’’.or “biscuit.” 

The “4X” cream was obtained through priority order by 
the Office of Price Administration in Washington from a reli- 
able local source. The eggs were delivered fresh each day 

TABLE 1 


The diet squad 


SUBJECT 

AGE 

HT. 

SUB- 

PACE 

AREA 

WEIGHT 

. Change 
Begin, to end 

Total 

CALORIES 

Average 

% distribution 

p cHO r 



yrs. 

cm 


kg 

kg 


% 


% 

1 

J.T. 

25 

169.7 

1.75 

65.9 

— 0.5 

3015 

5 

50.1 

44.9 

2 

N.M. 

29 

178.0 

1.91 

74.4 

+ 0.6 

3338 

5 

48.9 

46.1 

3 

R.B. 

31 

181 

1.93 

73.3 

— 2.5 

2907 

5.4 

51.6 

43.0 

4 

J.S. 

25 

166.0 

1.90 

82.9 

— 1.1 

2892 

5.1 

50.4 

44.5 

5 

N.T.M. 

17 

179 

2.03 

88.5 

— 4.2 

3637 

5.0 

49.7 

45.3 

6 

R.G. 

29 

167.5 

1.70 

62.4 

4- 0.6 

2605 

5.1 

49.8 

45.1 

7 

H.S. 

21 

179 

1.90 

72.4 

— 0.8 

3185 

5.1 

49.7 

45.2 

8 

S.H. 

18 

179 

1.83 

66.5 

— 2.3 

3635 

4.5 

51.7 

43.8 

9 

R.E. 

18 

169 

1.71 

63.8 

— 2.1 

3335 

4.6 

49.7 

45.T 

10 

P.B. 

30 

189 

1.87 

64.4 

-f-1.3 

3064 

5.0 

50.0 

45.0 

11 

L.E. 

17 

177 

1.80 

65.8 

— 0.5 

3435 

4.7 

50.0 

45.3 


Av. 

24.7 

175.6 

1.85 

70.9 

— 1.0 

3185 

5.0 

50.1 

44.9 


from a farm which regularly supplies the Strong Memorial 
Hospital and all other items of the diet were of standard 
high quality, though (because of market limitations during the 
war emergency) not always from the same source,® Because 
the experiment was conducted through the months of August 
and Septembei*, few of the squad preferred hot drinks with all 
their meals. A few took coffee regularly for breakfast, and tea 
for lunch or supper. A popular carbonated beverage ^ v^as 

‘Oranges were always of the “Sunkist” brand, lettuce the “Iceberg” variety) 
tomatoes of the “Beefheart” variety when possible, and so forth. The orange 
marmalade was supplied by the W. N. Clark Company, Hochester, N T. 

’ Coca-Cola. 
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pennitted as a cooling drinlc as desired, in amounts up to 
two or three bottles daily. The nitrogen of the tea, coffee and 
carbonated beverage was regarded as completely excreted 
by- the kidneys each day. 

Aliquot samples of all foods were taken daily, and at the 
end of each 6-day period they were analyzed for nitrogen. 

The diet squad 

For a result based on figures obtained with 10 persons it 
has been found advisable in diet work of this character to 
start with at least 11 experimental subjects. Some one person 
is likely to make a serious error in collection or to lose 
appetite because of the monotonous diet in one or more peri- 
ods and, as occasionally happens in hot weather even with the 
utmost precautions, a mild food infection may occur, pro- 
ducing diarrhea. This happened in period IV of the present 
experiment, causing loss of stools by two subjects. In this 
instance it was possible to substitute the mean fecal N of the 
remaining 9 men without throwing the final results askew. 

The squad, all males, was composed of three instructors, one 
graduate assistant, three medical students not qualified for 
the Army or Navy program, and 4 college freshmen enrolled 
as pre-medical students. Their physical characteristics and the 
average distribution of calories for each are given in table 
1. All of these men were intellectually interested in the re- 
sults and were in need of financial reward for close adherence 
to the dietary regime and quantitative collection of excreta. 
Before the end, one of the medical students was obliged to 
withdraw because of persistent alimentary distress occasioned 
by the large proportion of carbohydrate contained in the diet, 
and one of the freshmen for a valid reason was excused from 
the last period on the egg diet. The total squad was divided 
into two groups, a and b, which ate the several test proteins 
in reverse order (table 2). The purpose of this arrangement 
was to counteract any advantage which might accrue to one 
cereal food as against another by the accident of position in 
the series. For example, it requires at least 10 days on a low 



TABLI3 2 

Order of the periods and miniher of subjects in each group (in 2 >^f'^^tOieses) 
(All figures are reduced to daily values) 
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4.39' 1.03 5.42 G.15 +0.73 1 4.12 1.G3 5.75 G.80 +1.05 

Subject no. 5 utc egg in tlicae two periods with group A but his egg periods belong to groui> H, period VIII, 
Subject no. 5 replaces no. 10 in tbis period und subject no. 9 is dropped becuuso ho had no egg period JX. 
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protein diet to reach* a steady state in the rate of urinary ex- 
cretion of nitrogen, because of the ‘‘deposit nitrogen” result- 
ing from the previously relatively high protein diet. Therefore, 
as can be observed in table 2, which exhibits the average uri- 
nary N of all members in the successive egg periods, the 
average is 0.7 gmi to 1.0 gnu higher for the same number of 
subjects in period I than in period VII, notwithstanding a 
somewhat higher ingestion of egg N in the later periods. This 
results in a higher N excretion in the first egg period than in 
any subsequent egg period, and in calculating the biological 
value the excess urinary nitrogen (cereal urinary N minus egg 
urinary N ; see table 3) is less, as a percentage of the absorbed, 
in the first cereal period; consequently the biological value 
is higher than it should be. When, however, half of the squad 
eats the same cereal protein in the last test-protein x^eriod, 
the excess nitrogen is higher than it would be for them in 
the first cereal period, and consequently the biological value 
is lower. The advantage of the first position is offset by the 
disadvantage of the last. The gradual decline in average 
urinary N in successive egg periods is due to the fact that all 
cereal proteins have a lower B.V. than whole egg protein, 
and because of the accumulating deficit the egg protein is re- 
tained better as the series progresses. 

RESULTS 

a. Biological value 

This measure of the nutritive value of a protein is defined 
briefly as the percentage of the absorbed N which is retained 
in the body. It differs from the egg replacement value in 
two ways; (a) It takes account of the relative alimentary 
losses on the standard protein and test protein, and, assuming 
that the former loss is minimal, it thus measures absorbed 
N by deducting the fecal food N for the test protein (obtained 

vdW be observed that the average data for several egg periods bad to be 
calculated for two different numbers of subjects, depending on the number who 
completed the adjacent cereal period successfully. 
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by the diiference between fecal losses on the two proteins) from 
the fed N. In this study the assumption was thwarted in tlie 
case of one subject, who did not digest egg protein perfectly 
in any period, as was evident from obvious traces of it in 
the stools; (b) it takes account of metabolic excess N by 
deducting the urinary excretion of nitrogen on the egg protein 
diet from that on the cereal protein diet. AU other nitro- 
genous constituents of the two diets being the same, this ex- 
cess is a measure of the failure of the test protein to equal 
the egg protein in its value (supplemented by the other sources 
of nitrogen) to the tissues, as gauged by retention. 
Theoretically, one should obtain biological values, and re- 
placement values as Avell, by comparison of an intermediate 
test protein period with the preceding and following egg 
proteins. In this study, however, as in a preceding one on 
breads (Murlin et ah, ’41), it was noted that the average 
retention in each succeeding egg protein period was greater 
than in the one before. For this reason it was decided to 
employ the mean fecal and urinary nitrogen values from all 
the egg periods as the basis of calculation of biological values, 
instead of the data from the two periods adjacent to each test 
protein period. This was not done, however, before comparing 
one method with the other from the standpoint of concordance, 
or, in other words, determining which method resulted in 
the least variation among the several subjects as shown by 
the standard deviation. In fact, one other method was com- 
pared with these two by the same criterion, this method in- 
volving the use of the egg period immediately following the 
cereal period, thus eliminating the first egg period which, 
as noted above, gave clear evidence of a hangover” effect 
from the previous higher protein diet. Neither of the two 
latter methods proved so satisfactory as the first, for then 
standard deviations were greater. The downward trend 
the excretion of nitrogen from the first to the last egg period 
thus is compensated for not only by feeding the cereals in 
reverse order to the two groups of the squad (table 2), but 
also by averaging all the egg periods using a common pl^^ne 
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TABLE 3 

IfcaH relative hiological values for cereal yrotcins 




0 E R E A U 


DATUSt OF 

IXTEUEST 

Oat3 
no. 1 

Oats 
no. 2 

Puffed 
Mixed cereal 

Flaked 

wheat 

No. ol subjecls 

10 

10 

8 

10 


a. 

Cereal fecal N (gm) 

1.56 

1.52 

1.80 

1.94 

b. 

Egg fecal N (gm) 

1.20 

1.27 

1.27 

1.28 

c. 

(a-b) Difference (gm) 

0.36 

0.25 

0.62 

0.66 

d. 

Total food N (gm) 

6.0T 

6.38 

6.34 

6.44 

e. 

(d-c) Absorbed N (gm) 

0 J1 

6.13 

5.72 

5.78 

f. 

True digestibility (%) 

93.9 ± 3.3 

9G.1 :t 4.9 

90.2 ± 3.5 

89.7 ± 2.6 

g- 

Cereal urine N (gm) 

5,21 

5.2S 

5.57 

5.78 

h. 

Egg urine N (gm) 

4.63 

4.54 

4.58 

4.44 


(g~h) Excess N (gm) 

0.58 

0.73 

0.99 

1.35 

i* 

(e~i) Retained N (gm) 

5.13 

5.40 

4.73 

4.43 

k. 

^ ^ Biol. val. (%) 

e 

89.9 

88.1 

82.8 

76.7 

1. 

kiean deviation from 
mean biol. val. (gm) 

± 3.0 

± 3.9 

rt 4,4 

i:4.5 

m. 

Standard deviation (gm) 

3.81 

5.56 

6.52 

5.85 


Significance of differences i)etT^veen mean biological values ; 

^1) No, 1 Oats and puffed mixed cereal, n = 18, := 6.0, P 3 = .015, 

(2) No. 1 Oats and flaked wheat, n = 18, =6.0, P = .0001. 

(3) No. 2 Oats and flaked wheat, n = 18, ^ 4.47, P == .0002. 

(4) Flaked wheat and puffed mixed cereal, n = 16, ‘H” = 2.03, P .06. 

of reference. Each cereal food, therefore, occupies the same 
average distance from the midpoint sequentially, and is top- 
ographically oriented to the same fundamental datum. 

In calculating biological values and the statistical signi- 
ficances between mean values for the different cereals it was 
necessary to exclude extreme variants in all the data for 
the 4 cereals — one each for the two oats cereals and flaked 
wheat, and two for the puffed mixed cereal. Only those which 
fulfilled the Chanvenet criterion for rejection of extreme 
variants in small populations (as this is set forth by Davenport 
andEkas, ’36) were discai’ded. 

The significaziees of the differences between pairs of means, 
according to Fisher’s method, are shown in the footnote to 
table 3. It is evident that the two whole oat products ^ve 
higher biological values than the more extensively pretreated 
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ones, and that in all comparisons but one the differences be- 
tween means are highty significant. 

The true digestibilities of the several cereals compared 
with those of all the egg periods averaged together do not, 
however, exhibit differences of any significance. The differ- 
ences become very significant when they relate to what happens 
after absorption. Observe by how much more the cereal nitro- 
g'ens exceed the egg urine nitrogens in the last two columns 
of table 3 than in the first two. This table also shows how 
the differences are subtracted from the absox'bed nitrogens 
to get the nitrogens retained (line j) and how the latter are 
ranch less for the last two columns, thereby giving lower 
biological values (linek). 

The cereal fecal nitrogens in the last two columns exceed 
the basal egg fecal nitrogens by nearly twice the same differ- 
ence in the first two (line c). This results in lowering the 
amoimt of absorbed nitrogen, and explains the lower digesti- 
bilities of the two cereal products represented. By the same 
token, the lower absorption should serve (other factors being 
equal) to raise the biological values, but the greater excess 
of urine nitrogen from the same two cereals means less 
retention, and that diminution more than offsets the effect on 
absorption, 

replacement values (E,B,V.) 

As the term is used in this laboratory, the E.R.V. is cal- 
culated from the crude N balance data, as shoAvn in table 4. 
It may be defined as the extent, percentage-wise, to which any 
particular protein can replace egg protein in mo/iutahihig 
N balance. Ideally, the egg and test protein should be fed 
at exactly the same levels and, as may be seen in table 4, 
this ideal was approximated very closely in tests Avith all but 
the first cereal listed. This particular failure was due to 
using a wrong value for the nitrogen in this cereal. An ad- 
justment in the difference between N balances was therefore 
made, upon the reasoning that if a lower intake of cereal 
protein produced a given minus N balance, a higher intake 
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(equal to that of the egg period) would have produced a 
lesser minus N balance in inverse proportion to these levels 
of intake. Thus, in the preseirt instance, for gi-oup a, 6.44: 
5.72 :: 1.22 : x, and x= 1.08. This corrected difference in 
N balances weighted against a similarly adjusted difference 
in balances for group b gives the weighted final difference be- 
tween balances, which determines the extent to which the 
cereal failed to replace egg protein.^ This difference of bal- 
ances, expressed as a percentage of the egg hT ingested and 
subtracted from 100, is the extent to which the cereal protein 
did replace egg protein. A similar small adjustment was made 
for the results with a and b groups on all cereals where sig- 
nificant differences in N intake existed. 

It is evident from table 4 that the two whole oat products 
excel in their ability to replace egg protein and in the main- 
tenance of N balance, and that the two more extensively 
pretreated products — one from wheat and the other from a 
mixture of the three cereals, oats, com and rye fall consider- 
ably below this level. In order to say exactly how much the 
wheat product was reduced in this capacity, a whole wheat in 
its natural form or with a minimum amount of pre-treatment 
should have been tested in parallel experiments with the same 
squad, as was done in our earlier study (Murlin et al., ’38) and 
by Kuether and Myers (’48). However, it is of interest that 
we obtained a replacement value with this product only a few 
points above that found in 1938, which may be explained by 
the fact that the ingestion level of nitrogen averaged 0.6 gm 
higher than in the earlier study. No such combination of oats, 
cornmeal and rye in natural form was available for compari- 
son with the puffed mixed cereal. 

“Such an adjustment leaves something to be desired, of course, because fail- 
ure of a given protein to maintain N-balance ia due presumably to the critical 
level at which one or more of the essential amino acids fails to suffice for 
some governing protein synthesis or syntheses. We are not yet in possession of 
sufficient information regarding these critical levels to make adjustments on 
the basis of known amino acid compositions. Studies like those of Block and 
Mitchell ( *46) show the direction of advance in these matters. 
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Egg replacement values of cereal protems 
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naked 6.45 f 6.58 —0.13 —1.41 + 0.71 2.12 2.08 5 ® 'J 

6*49 < L 2.12 32,7 67.3 

wheat 6.42 6.41 + 0.01 —1.17 + 1.00 2.17 2,17 5 ) 

Number 5 is excluded from this group as an extreme variant. 

Number 4 is excluded from this group as an extreme variant. 
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Tile greatest differences between means in the replace- 
ment values shown in column 13 of table 4 are those between 
the two whole oats products and the flaked wheat. The differ- 
ence between the means of no. 2 oats and the puffed mixed 
cereal is just short of statistical signfieance for 11 and 10 
subjects, respectively. 


niscussioK 

The results of our experiments confirm the findings of 
Kuether and Myers (’48) for their several experiments on 
two products, which presumably are in all particulars the 
same as those used in this study. Eolled oats, in the experi- 
ence of this laboratory, gives the same replacement value what- 
ever its trade name. It is, however, possible that the product 
the above workers call “exploded oats” has undergone some 
change in formula or manufacturing process from the one 
called “puffed mixed cereal” used in this laboratoiy 5 years 
earlier. 

It is puzzling to the present authors why, in collection 
periods of 10 to 12 days with cereal as the sole source of 
nitrogen in the diet, Kuether and J^Iyers did not obtain any 
closer agreement in nitrogen balances than has been obtained 
in this laboratory in periods of 6 days each on three cereals of 
identical nature supplemented by milk and fruit nitrogen. The 
impression is given in their table 6 of their having struck a H 
balance every single day for each subject, whereas from the de- 
scription of their method it is clear that stools were separated 
only in periods of several days and that a single value for 
the period was obtained by dividing by the number of days. The 
variable in known excretion values from day to day, therefore, 
can only be the urine nitrogens. It is decidedly misleading 
to give daily variations in balance as “standard deviations” 
when they are really variations only in the urine nitrogen. ^ 
The number of subjects referred to in their table 6 is only 
three, and there are obvious deviations among them that in 
sum amount at times to more than the mean value show, so 
that the mean deviation from the mean is more than 50% 
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of the mean. This is true of the ‘‘exploded oat cereaT’ and 
the whole wheat, which gave the lowest mean nitrogen balances 
for the three subjects. The “standard deviations'’ given for 
each subject to indicate day-to-day variations, also are at 
times higher than the mean of “nitrogen balances.” It would 
have been of interest, but of no more general application, if 
the authors had merely compared one subject with another. 

The opinion expressed in a former paper (Murlin et ah, 
’38) that wheat flakes exhibited a reduction in biological value 
due to heat treatment appears to be confirmed by the present 
results, for the value reported in table 3 is considerably lower 
(76.7 cf. 82.1) than that reported earlier, although the heat 
treatment appears to be less severe (see p. 406). 

There is confirmation also of the reduced biological value 
for the growth of rats of the puffed mixed cereal reported by 
Stewart et al. ( ’43) in the low B.V. of this protein for mainten- 
ance in man as shown in table 3. There are no results in this 
communication confirming an earlier finding that undamaged 
oats are superior to undamaged wheat in biological value or 
replacement value. Kuether and Myers (’48), however, seem 
to stand alone in their findings of the reverse. 

SUMMAEV 

Four cereal products prepared as “breakfast foods” have 
been studied with reference to the biological value for human 
subjects of the contained proteins based on egg protem as 
standard. Two of the products were whole oat preparations, 
one, three-quarters oats; and one, whole wheat with “all of 
the original nutrients retained. ’ ’ 

The egg replacement method as previously employed m 
this laboratory was followed and some improvements were 
made. The squad was divided into two groups, which ate the 
cereals in reverse order, thereby counteracting any advantage 
from mere position in the series of 9 periods — 5 on egg, 4 on 
cereals. 

The biological values of the cereal proteins were calculated 
for each individual on the basis of his average data from all 
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tlie egg periods. Hence, each cereal food occupied the same 
average distance from the nitrogenous midpoint of the series 
of standard diets. 

After calculation of the biological values and the replace- 
ment values in terms of the egg standard, and obtaining 
standard deviations, the extreme variants for each cereal 
were eliminated in aceordairce with standard statistical pro- 
cedure. 

The biological values relative to egg protein of the 4 cereal 
products recalculated with their standard deviations for the 
number of subjects retained were found to be as follows : no. 
1 oats 89.9 (3.81), no. 2 oats 88.1 (5.56), putfed (or “ex- 
ploded”) oats-corn-i’ye cereal 82.8 (6.52), and flaked wheat 
76.7 (5.85). The differences between the means for the two 
oats products and wheat flakes are highly significant, as is 
also true for the no. 1 oats and the puffed oats-corn-rye 
cereal but not for the latter and wheat flakes. 

The replacement value, defined as the extent to which any 
particular protein can replace egg protein in the maintenance 
of nitrogen balance, was calculated for each group of subjects 
for each cereal. The order of values derived from weighted 
differences in average N balances between cereal and egg 
are as follows: no. 1 oats 79.6 (7.2) j no. 2 oats 80.7 (8.3) j 
puffed oats-corn-rye mixture 75.5 (5.9), and wheat flakes 
67.3 (6.6). Only the differences of means between the two 
whole oats products and wheat flakes are statistically signi- 
ficant. 
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III. THE USE OF ENRICHED AND NON-ENEICHED FLOUR 
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FODK FIGTIEES 

(Received for publication February 21, 1919) 

Expeximeiits Lave been reported (Westerman and Bayfield, 
’45; Westerman and Hall, ’47; Guerrant and Fardig, ’47; 
Westerman and Templeton, ’48) in which enriched and non- 
enriched flour were used as the sole source of the B vitamins 
in the diets of experimental animals. In these experiments a 
fairly purified diet was used. The human dietary contains 
other foods besides cereals which furnish B vitamins; it 
seemed likely, therefore, that using diets made up of natural 
foods comparable to those consumed by human beings would 
give added information relating to this problem. The diets 
used in the experiments described in this report were pat- 
terned after those consumed by people rvith poor food habits 
or with low incomes. Such groups of individuals are most 
likely to include considerable quantities of cereals in their 

‘ Contribution no. 151 of the Department of Home Economics. This research 
^vas supported by a grant from the Williams- Water man Fund and by Pumeli 
Fuads. 

^Some of the data of this paper were taken from a thesis submitted by this 
author to the Graduate Sehool of Kansas State College in partial fulfillment of 
the requirements for the degree of Master of Science. 
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diets, either from habit or from economic necessity, since such 
toods represent cheaper sources of energy. 

EXPERIMENTAL PROCEDURE 

Albmo rats weighing between 45 and 55 gm, and 28 days 

0 age, were depleted of their body stores of B vitamins by 
placing them on a B-complex-free diet for 10 to 14 days. The 
animals were gTouped in such a way as to have an equal dis- 

ri u ion in legard to sex and litter mates. Six or more ani- 
mals were placed on each diet. 

r were patterned after those described by Moser 

• . ' as being consumed by^ some of the rural families in 

ic cens County, South Carolina. These data were calculated 
on le basis of daily consumption per individual, and the diets 

01 e lats were based on the amount of each of the ditferent 
foods consumed per person per day. In order to facilitate 

^be food, it was necessary to make some 
mo 1 cations in the diets and to group certain foods together, 
allots were used to represent yelloiv vegetables, and green 
eans, spinach, cabbage and broccoli were used alternately 
as t e gieen vegetables. An average of the nutritive values 
o t ese vegetables was used in the calculations. In order to 
lave a fair representation of the meat used in the average 
le , eef and pork were mixed equally. Apples were used as 
lepiesentative of the fruits in the diet and dried beans and 
peas were the legumes. Dried whole milk was used in order 
to reduce the liquid content of the diet. The fats were marga- 
iine and salad oil. All cereals were added to the diets as 
enriched flour, non-enriched flour, ground whole wheat or 
cornstarch. The whole wheat was included in order to make 
a compaiison of the diets having a whole grain cereal as 
containing enriched or non-enriched flour. A 
purified carbohydrate, cornstarch, replaced the cereal in some 
ox the diets, in an attempt to discover by such replacement 
whether other constituents of the diets were furnishing 
enough B vitamins for adequate nutrition. The foods requir- 
ing cooking were cooked. The wet ingredients were mixed 
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and finely divided in a blender and then mixed with the dry 
ingredients in such a way that the diets were homogeneous. 
They were prepared once each week and kept in frozen stor- 
age until needed. 

Calculations of the nutritive values of the different diets 
were made by using an average of the values by Sherman 
(’46) and Turner (’46), except for the flour and wheat; these 
were assayed. The enriched flour contained 6.94, 3.00 and 
1.15 pg per gram of thiamine, riboflavin and pantothenic acid, 
respectively; the non-enriched flour 1.35, 0.74 and 1.12 pg 
per gram; and the whole wheat 5.15, 1.06 and 3.19 pg per 
gram of these same vitamins. 

Four different experiments were conducted using cereals 
to furnish 62, 50, 40 and 33% of the total calories in the diets. 
It might seem that 62% of the calories from cereals is a rather 
large amount and it may be that people in the United States 
do not as a rule consume cereals in this amount, but there are 
counti’ies in Europe where cereals are the main source of 
calories. Moser (’45) has shown that some of the people in 
South Carolina do consume cereals at levels of 40 and 50% 
of the total calories, and cereals may furnish 30% of the calo- 
ries in other American diets. The constituents of the diets 
and the percentage of calories supplied by each are shown in 
table 1. The growth studies were carried out over periods of 
9 to 14 weeks, and in some cases through the -second genera- 
tion. 

RESULTS AND DISCUSSION 

First experiment: Cereals furnished 62 % 
of the total calories 

In experiment I the cereals in the diets were as follows: 
diet I contained enriched flour, diet II non-enriched flour, diet 
III ground whole wheat and diet IV cornstarch. Growth 
studies were conducted over a period of 9 weeks and figure 1 
gives tlie average weekly weight gains made by the animals 
on the different diets. The rats on diet I with enriched flour 
furnishing 62% of the total calories in the diet gained on the 
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avei'age 17 gm more than those on diet II with non-enricbed 
flour. Those on diet III with whole wheat gained 6 gm more 
than those on the diet with the enriched flour. The animals 
on diet IV containing cornstarch made the least gains during 
the 9-week period. 

A comparison of the nutritive values of the 4 diets is 
sho'wn in table 2. The nutritive values of all the diets except 
the one containing cornstarch were well within the range of 
those established as adequate for the noi'mal person. The 


TABLE 1 

Composition of diets 'based on the daily food consumption of humans 


FOOD 

EXPEEIMENT I 

EXPEKiaiENT II 

EXPERIilENT in 

experiment IV 

Calories 

Cal. 

Calories 

Cal. 

Calories 

Cal. 

Calories 

Uai. 

Cereal 

2396 

% 

62.0 

1200 

% 

40.0 

888 

% 

32.8 

1122 

^0 

49.9 

5.8 
17.2 

6.3 

7.4 
0.9 

1.9 
5.8 
1.0 
2,7 

Sugar 

143 

3.7 

661 

22.0 

398 

14.7 

131 

Fat 

432 

11.2 

220 

7.2 

432 

15.9 

388 

Meat 

142 

3.7 

114 

3.8 

142 

5.2 

142 

Milk 

372 

9.6 

298 

9.9 

372 

13.7 

166 

Eggs 

24 

0,6 

79 

2.6 

24 

0.9 

21 

Legumes 

158 

4.1 

140 

4.7 

98 

3.6 

42 

Potatoes 

58 

1.3 

150 

5.0 

213 

7.8 

131 

Carrots 

45 

1.2 

40 

1.2 

45 

1.7 

22 

Apples 

64 

1.7 

63 

2.1 

64 

2.4 

61 

Green 

vegetables 

33 

0.9 

31 

1.0 

33 

1.2 

25 

1.1 


diets containing enriched flour and whole wheat were con- 
siderably higher in the B vitamins and iron than the othei 
two diets. This probably accounts for the gTeater average 
weight gains of the rats on these diets. The low protein con- 
tent of diet lY containing cornstarch, as well as the smaller 
quantities of the B vitamins, undoubtedly were responsih e 
for the slow growth of these animals. The protein deficieoey 
was corrected in the experiments to follow by including vita- 
min-free casein in the diet along mth the coimstarch. due 
results of this experiment would seem to indicate that en- 
riched flour is superior to non-enriched flour in supporting 
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Growth curves of animals in experiment I. 

Growth curves of animals in experiment II am3 experiment III* 


TABLE 2 

ifiitritive value of daily diets as consumed by humans 



DtET 

Calor- 

ies 

Prot. 

Ca 

Pe 

Thia- 

mine 

Rib O' 
flavin 

Nicotinic 

acid 




firm 


rruj 

mg 


ms 


Experiment I: 

62% of 

total calories from cereals 



I 

Enriched flour 

3867 

. 118 

1.11 

29.6 

5.75 

3.69 

29.3 

II 

Non-enYiched 









flour 

3867 

118 

1.11 

14.7 

2.04 

2.13 

11.1 

III 

Whole wheat 

3908 

127 

1.26 

36.3 

4.T4 

2.47 

43,5 

IV 

Cornstarch 

4171 

45 

0.93 

10.0 

1.11 

1.67 

5.7 


Experiment II: 

40% of total calories from cereals 



I 

Enriched flour 

2996 

81 

0.86 

20.0 

2.61 

2.48 

18.6 

II 

Xon-euriched 







9.5 


flour 

2996 

81 

0.86 

13.0 

1.36 

1.71 

III 

Cornstarch 4- 









vitamin-free 

casein 

3148 

85 

0.80 

11.0 

1.09 

1.57 

6.S 


Experiment III : 

33% of total calories from cereals 


16.6 

I 

Enriched flour 

2709 

67 

0.97 

17.0 

2.32 

2.36 

n 

Non-enriched 







9,8 


flour 

2709 

67 

0.97 

11.0 

1.29 

1.78 

III 

Cornstarch + 









vitamin-free 

casein 

2722 

67 

0.93 

10.0 

1.19 

1.68 

7.8 


Experiment IV ; 

50% of 

total calories from cereals 


23.4 

I 

Whole wheat 

2270 

66 

0.62 

18,1 

2.51 

1.28 

II 

Enriched flour 

2251 

62 

0,52 

15.1 

2.98 

1.85 

16.8 

in 

Enriched flour 









4- salt 
mixture 

2251 

62 

1.15 

31.4 

2.98 

1.85 

16.8 

IV 

Enriched flour 







16.8 


4- casein 

2371 

92 

0.52 

15.1 

2.98 

1.85 

V 

Enriched flour 









4- casein 

4- salt 
mixture 

2371 

92 

1.15 

31.4 

2.98 

1.85 

16.S 

VI 

Cornstarch 4“ 









casein 4* salt 
mixture 

2513 

58 

1.10 

22.2 

0.80 

0.90 

5.7 

VII 

Kon-enriehed 







3.2 


flour 

2251 

62 

0.52 

8.1 

1.24 

1.12 

VIII 

Non-enriched 









flour 4- salt 









mixture 

2251 

62 

1.15 

24.4 

1.24 

1.12 

8.2 

IX 

Non-enriched 









flour 4- 









casein 

2371 

92 

0.52 

8.1 

1.24 

1.12 

S.2 

X 

Non-enriched 









flour 4* casein 
4* salt 









mixture 

2371 

92 

1.15 

24.4 

1.24 

1.12 

S.2 
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growth ill rats when these materials furnish 62% of the total 
calories of the diet. 

Second cind tliii'd experiments : Cereals furnished 40 and 
33 % of the total calories 

In these experiments it was decided to lower the amount of 
cereal in the diets and to test the effect of the inclusion 
of more milk, fruit, and vegetables. The calories obtained 
from sugar were increased in experiment II and those from 
fat in experiment III. The composition of the diets is shown 
in table 1 and the nutritive value in table 2. Three diets were 
used in each experiment: diet I, containing enriched flour; 
diet II, containing non-enriched flour; and diet III, contain- 
ing cornstarch with vitamin-free casein added to bring the 
protein level of this diet up to that of the other diets. 

The results of the 8-week growth test are shown in figure 2. 
It may be noted that the animals on the diets with 40% of 
the calories from enriched and non-enriched flour maintained 
the same growth rate, but those with cornstarch at the same 
level gained on the average much less. The nutritive values 
of the diets (table 2) show that diet I, containing enriched 
flour, had a higher content of iron and the B vitamins, but it 
appears that diet II, rvith non-enriched flour, supplied enough 
of these materials to support the same amount of growth 
while diet III, containing cornstarch, did not. 

In experiment III with 33% of the total calories from en- 
riched and non-enriched flour, and from cornstarch with vita- 
min-free casein added, the growth rate of the rats (fig. 2) 
on all three diets was approximately the same. There were 
some differences in the nutritive values of these diets as 
shown in table 2, but evidently the materials in the diets fur- 
nished a better source of all the nutrients than did those in 
experiment II. The rats on these diets also made much better 
gains than did those with 40% of the calories coming from 
enriched or non-enriched flour. These animals with 33% of 
the calories from cereals also obtained a larger per cent of 
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calories from fat, meat, milk, and potatoes than those at the 
40% level, and this may account for the better growth, as fat 
would have a sparing- action on carbohydrate metabolism and 
meat and milk would furnish more of the B vitamins. These 
lesults indicate that when meat, milk, and vegetables are 
present in adequate quantities in the diet and there is less 
consumption of cereals, the hfenefits from the use of enriched 
our aie not easily demonstrated. This was also shown by 
inters ( 47), w^bo fed rats on diets representative of the 
average American diet mth 30, 33, and 36% of the total calo- 
iies derived from cereals. No significant differences in the 
growth of the animals fed the enriched and non-eirriehed cere- 
als at these levels wmre noted. 

Fonrih experiment: Cereals furnished 50 % 
of the total calories 

The data on food consumption of low-income groups as given 
y Moser (’45) did not allow for any waste of food. It was 
expected, however, that there would be some waste in prepar- 
ing the fruits and vegetables and that all the food placed 
table would not be eaten. It was decided that at least 
% of the estimated amount of food taken into the homes 
won d be wasted as far as human consumption was concerned, 
iherefore the food consumption was recalculated for the pur- 
pose of the present study on the basis of a 10% loss. The milk 
was 1 educed from 60v to 30 gm. While a rural population may 
ave moi e milk in the diet, it was thought urban families on 
^ would have about one-half as much. 

T above modifications, the cereal component of the 

le s urnished about 50% of the total calories. In this ex- 
pel iment some diets ^vith vitamin-free casein and salt mix- 
ui e added were included, so that protein and minerals would 
not he deficient. The vitamin-free casein provided 5.1% of 
the total calories and the salt mixture made up 0.5% by 
weight of the total diet. The constituents of the diets and the 
peicentage of calories supplied by each are given in table 1, 
and the nntiitive values in table 2. It mav be noted that the 
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protein content of the diets with added casein is about one- 
third greater than that of the other diets. The calcium con- 
tent of the diets without the added salt mixture was inclined 
to be low, due in part to the small amount of milk, which ap- 
proximated one cup per day per individual. The iron content 
of diets Vn and IX was low due to the use of non-enriched 
flour. Diets VI through X, containing cornstarch and non- 
enriched flour, were much lower in the B vitamins than diets 
I through V which contained the enriched flour. 

The average weekly weight gains of the animals on the 
different diets are shown in fignire 3. For purposes of com- 
parison the weights of the animals with enriched flour in the 
diet were grouped with those on the corresponding diet con- 
taining non-enriched flour. As is shown by the growth curves 
in figure 3,' the diets containing the enriched flour and the 
whole wheat supported about the same rate of growth in the 
rats, as both these groups made an average weight gain of 
239 gm during the 13-week period. Those animals with non- 
enriched flour in the diet grew at a slower rate and gained 
a total of 229 gm during the same period. Those with corn- 
starch replacing cereal in the diet showed the least gain, 186 
gm, even though this diet contained vitamin-free casein and 
salt mixture. It would seem that the B vitamins contributed 
by the enriched flour played an important part in the growth 
of the rats, and were factors in promoting slightly better 
growth in animals having enriched flour in the diet as com- 
pared with those on the diet containing non-enriched flour. 

When salt mixture was added to the diets containing en- 
riched and non-enriched flour, the weight gains were 20 gm 
more than without the added salt mixture, but there was an 
11-gm dififerenee in the gains made when enriched flour was 
in the diet over those made on non-enriched flour. When vita- 
min-free casein was added to increase the protein content of 
the diet, the growth rate was increased on both diets but the 
rats on enriched flour made slightly better gains. 

When both salt mixture and protein were added, the gains 
were even greater but there was some difference between the 
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weight gains of the animals on the enriched flour diet over 
those rats on the non-enriehed flour. It is likely that if more 
milk were included the diet containing non-enriched flour 
would be more nearly adequate in minerals and proteins as 
well as the B vitamins, 

^ The results of the growth test indicate that enriched flour 
aids in promoting growth when milk and vegetable consump- 
tion is lowered and cereal consumption increased. The addi- 
tion of the mineral salts and protein to the diet was beneficial, 
but slightly better growth rates were obtained with the use of 
enriched flour in either of these diets. It seems likely that 
the rat, being a fast growing animal, requires large quanti- 
ties of minerals and pi'oteins. 

At the end of 13 weeks on the test diets the males and 
females were allowed to breed. The females on the diet con- 
taining enriched flour gave birth to more young than did 
those with non-enriched flour in the diet. For some un- 
explained reason none of the young of the mothers ou diets 
II and VII lived. The females on diet III containing enriched 
flour and salt mixture, and those on diet VI containing corn- 
starch, salt mixture and casein, raised 15 young; however, 
the young of rats on diet III had an average weight of 55 gni 
at 28 days of age while those of animals on* diet VE weighed 
o8 gm. A compaiuson of the young of rats on diet V, contain- 
ing enriched flour, salt mixture, and casein, Avith those of ani- 
mals on a similar diet containing non-enriched flour shows 
approximately the same number of young I'aised, but those 
of females with enriched flour in the diet weighed on the aver- 
age 12 gm more than those of rats on the other diet. These 
data indicate that enriching the flour aids in reproduction and 
in the raising of normal young. 

Vriien the young I'ats of the second generation were 28 days 
old they were divided into groups of 6 with equal distribution 
as to sex and litter mates, and kept on some of the same diets. 
Since the females on the diets containing enriched and non- 
enriched flour did not raise their young, it was necessary to 
transfer i*ats from the other gToups to these diets. The 



NUTRITIVE VALUE OF FLOUR 



Growth CU1V03 of hrat generation animals in experiment IV. 
Growth enrves of second generation animals in experiment lY . 
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growth test was conducted over a period of 14 weeks so that, 
foi purposes of comparison, the rats would be the same age 
at the end of the test as those of the first generation which 
had been placed on a depletion diet for one week before start- 
ing the test. Figure 4 shows the diiferences in the average 
total gains among the rats on the ditferent diets. The rats on 
the diet containing enriched flour gained on the average 20 
gTo more than those on the diet with non->enriched flour ; those 
on^ the diet with the enriched flour and salt mixture also 
gained 20 gm more than those ^vith the non-enriched flour and 
salt mixture in the diet. The greatest difference in average 
weight gains was shown by the animals on the diets contain- 
ing enriched flour with salt mixture and vitamin-free casein, 
and the non-enriched flour wdth salt mixture and vitamin-free 
casein added. Those animals receiving the enriched flour 
gained on the average 31 gm more than those on a similar diet 
with non-enriched flour. The addition of the protein did not 
improve the growth rate, since the rats with salt mixture in- 
cluded in the diets made better gains than those with both salt 
mixture and protein added. However, the test wdth the second 
geneiation animals showed that for pui’poses of growth en- 
1 idled flour is superior to non-enriched flour as a source of 
the B vitamins when the flour is fed at a high level. 

SUMMARY 

Combinations of foods similar to those consumed by human 
beings weie fed to albino rats to determine the significance 
of the use of enriched flour in the diets. The results indicate 
that when 62% of the total calories were furnished by flour, 
the animals with enriched flour in the diet gained on the aver- 
17 gm more during a 9-week growth period than did those 
on diets containing non-enriched flour. When 50% of the total 
calories w^'ere furnished by flour, the animals with enriched 
flour in the diet gained an average of 10 gm more than those 
1 eceiving non-enriched flour. Even when salt mixtiu'e was 
added to increase the calcium content of the diet, or vitamin- 
free casein was added to increase the protein, or when both 
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of tliese were added to the same diets, the rats receiving the 
eni’iched flour made the greater gains. The second generation 
animals showed a wider variation, as those fed enriched flour 
gained on the average 20 gm more than those with nou- 
enriched flour in the diet. 

The average weight gains made by the animals with 33 and 
40% flour in the diet, respectively, showed aro differences be- 
tween those receiving enriched and non-enriched flour. The 
animals with 33% of the calories from enriched and non- 
enriched flour made better weight gains than those whose 
diets included flour at the 40% level. This was due probably 
to the added milk, meat, and vegetables in the former diet, 
which replaced the cereals. 

The results indicate that when flour is consumed in large 
quantities the enriched product aids in promoting a better 
growth rate in rats than the non-enriched form. 
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Relatively few riboflavin metabolism studies using young 
women as subjects have been made. So far as is known, none 
has been made solely "with subjects on a self-chosen diet, al- 
though several have observed urinary excretions. The 24- 
hour urinary riboflavin excretion values for university women 
students and faculty on unrestricted diets reported by Strong 
et al. ( ’41) were of the order of 500 to 800 jjg. Brewer and co- 
workers ( ’46) observed the urinary excretion of riboflavin by 
20 college women on self-selected diets over a three-day pre- 
liminary period. The range in urinary riboflavin was from 
60 to 920 Mg in 24 hours. This wide range is to be expected 
from women consuming different diets, although the dietary 
riboflavin rvas not determined. Similarly, Davis, Oldham and 
Roberts (’46) observed the urinai*y excretion of riboflavin 
when young women ingested self-chosen diets during a pre- 
liminary period. They also obtained a -wide range of values, 
with an average daily urinary excretion of 433 gg. 

Few studies showing the fecal excretion of riboflavin have 
been reported. Riboflavin is synthesized in the intestine, and 
therefore fecal excreton does not measure the unused portion 
of the ingested vitamin. The study of Davis and co-workers 
(’46) indicated that the fecal excretion of riboflavin is not 

' Data .ta^en from thesis presented in partial fulfillment of the requirements 
for the Master of Science degree in Foods and Nutrition. Present address: 
Alabama College, Montevallo. 
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markedly influenced by the dietary level unless the diet is an 
unusual one. Hathaway and Lobb ( ^46) found that a natural 
diet favored the synthesis of riboflavin more than did a syn- 
thetic diet, whereas Denlco et ah (’46) reported that men on a 
diet restricted in protein and B vitamins showed a higher fecal 
output of riboflavin than when on a normal diet. 

The purpose of this study was to detei'mine the riboflavin 
value of food and excreta of young college women consuming 
a self~selected diet from a common food supply. 

PROCEDURE 

Nine young college women between the ages of 18 and 25 
participated in this study. The precautions and procedures 
used in collecting the food and excreta were those previously 
reported by Holt and Secular (’48). However, for this study 
the jars used for food and feces were painted on the outside 
with black paint to prevent light destruction of riboflavin. The 
amber bottles used for urine were found to give adequate pro- 
tection without painting. 

One Eastman Safelight lamp carrying a 20-watt bulb and 
equipped with a Wratten light filter was the only illumination 
used during the entire period of analysis. 

Duplicate samples, 5 or 6 gm, of the macerated food were 
taken for analysis. The method employed for milk, food and 
feces was essentially that of Conner and Straub (’41)? except 
that the adsorbent was washed free of dust and adsorbed gases 
with 2% acetic acid and repeated rinsings with distilled water, 
as recommended by Ferrebee ( ’40). The volume of the eluant 
necessary to free the riboflavin from the adsoi’bent was 80 ml 
for the samples used in this study, as compared to 50 used by 
Conner and Straub ( ’41). Filters Bo and PCo with which the 
Coleman Photofluoremeter was equipped, w^ere used for trans- 
mitting the fluorescent and incident light. 

A complete blank consisting of all the reagents used through- 
out the method was also carried through the entire pi’oceduie. 
The value for the blank was subtracted from the fluorescence 
reading of each sample before determining the riboflavin value 
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from the calibration curves made with pure riboflavin. If the 
duplicate samples checked within a plus or minus 10%, the 
average was used in determining the total riboflavin content. 
Two curves were made, since two methods were used in de- 
termining the riboflavin values. Conner and Straub’s method 
(’41) was used with modifications previously mentioned for 
the samples of milk, food and feces, while Perrebee’s method 
(’40) was used for the analysis of the duplicate uiune samples. 
With the latter method it was also necessary to increase the 
eluant ; in this case, to 60 ml from 20. 

The recoveries obtained with the addition of a known amount 
of pure riboflavin to samples of milk, food, feces and urine 
prior to and during the analytical procedure ranged from 
87% to 105%. 

DISCUSSION 

The daily riboflavin intakes and excretions of 9 young 
college women were detennined during three 5-day periods in 
the late spring of 1948. Three subjects, M.W., Z.H., and J.H., 
were observed throughout two full periods ,• D. J.M., for a part 
of two periods; and the 5 remaining subjects participated 
during only one period each. 

The average daily riboflavin intake and the urinary output 
of each subject are give in table 1. The sepai’ate analysis of 
milk made it possible for individual needs and preferences 
to be met. This also accounts for the variation in the total 
riboflavin intake of different subjects during the same period. 

The amount of milk consumed had a definite infiuence on 
the total riboflavin intake. Subject L.D. had a consistently 
lower riboflavin intake than the other subjects participating in 
pei’iod 3 because she did not drink milk. The daily miHr con- 
sumption per girl ranged from none to thi’ee glasses, con- 
tributing an average of 140 to 933 pg/day. The millc glasses 
used during period 3 were larger than those used previously. 
Also, the riboflavin content of the milk during this time was 
somewhat higher than in the preceding periods. This accounts 
for the fact that one serving of milk in period 3 contrib- 
uted more riboflavin than did one serving in either of the 
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two otlier periods. The riboflavin content of the milk coe- 
sinned' during periods 1, 2, and 3 was 140, 120, and 200 pg/ 
100 gna of milli, respectively. These values fall within the 
range reported by Theophilus and Stromberg (’45) for daily 
samples of milk from Jersey and Holstein cows. However 
the range is wider, by a small margin, than that reported hy 
Daniel and Norris (’44). 


TABLE 1 

Rihoflavin intake with the per cent excretion in urine 


AVIiaAOB DAILY INTAKE 


AVEEAQE DAILY 
EXCEETIOK 



Food 

Milk 

Total 

Total 

Fraction 




M3 

M3 



Period 1 May 

10-14, 1948 



M.W. 

1349 ± 401 

490 ± 120 

1841 ±: 534 

718 ± 204 

38 ±8 

Z.H. 

1349 i: 401 

455 ± 210 

1806 ± 439 

670 bz 253 

38 ±W 

D.J.M. 

1693 397 

700 zb 0 

2393 bz 397 

1134 ± 430 

46 ±11 


Period 2 May 

17-21, 1948 



K.W. 

1131 ± 405 

240 ±: 54 

1371 ± 446 

478 ± 43 

41 ±9 

Z.H. 

1131 It 405 

240 ± 54 

1371 it 446 

463 ± 72 

36 ±11 


1022 ± 374 

675 ± 411 

1447 It 173 

695 b: 53 

48 ±2 

J.H. 

1131 ± 405 

300 zb 0 

1431 It 405 

649 ± 108 

51±9 


1131 ± 405 

300 It 0 

1431 ± 399 

487 zb 21 

39 ±8 

O.C. 

1022 ± 374 

225 ± 65 

1247 ± 246 

572 zb 144 

51 ± 11 


Period 3 May 

24-28, 1948 



J.H. 

1427 zb 462 

560 ±- 143 

1987 It 640 

817 ± 195 

44 ± 15 

H.B. 

1427 zb 462 

700 zb 0 

2127 It 462 

802 ± 295 

40 ±20 

L.B. 

1427 ± 462 

140 bz 250 

1567 It 530 

587 ± 157 

43 ±18 

E.B. 

1152 bz 266 

933 ± 165 

2469 it 689 

1157 bz 197 

47 ±16 


The range of the average daily riboflavin intake (food plus 
milk) during periods 1, 2, and 3 was 1,806 to 2,393, 1,247 to 
1,447, and 1,567 to 2,469 ng, respectively. The total average 
daily intake during period 2 was somewhat lower than in the 
other two periods. This was associated with a decreased 
protein intake; the food protein (other than milk) averaged 
65, 35 and 45 gm for the three periods. As a whole, on the days 
on which the riboflavin intake was less, the meats served were 
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fish, combination meat dishes or sandwiches. Only one sub- 
ject had a negative nitrogen balance during this period. All 
the other subjects exhibited small nitrogen retentions. On 
this basis it was assumed that the previous diet, as well as 
the present one, was nutritionally adequate from the protein 
standpoint. The highest single daily intake of riboflavin from 
food alone occurred on the second day of period 3 when liver 
was the principal meat served. Tongue, custards, cheese, 
and foods with cream sauce also gave high riboflavin values. 

The average daily urinary excretion of riboflavin ranged 
from 463 to 1,157 [ig, with a mean average of 710 ng. This 
mean average agrees very well with the higher values re- 
ported by Brewer et al. ( ’46) and Strong et al. ( ’41) for young 
women on self-selected diets. The higher average excretion 
noted in the present study might be indicative of a higher 
intake ; the intake in the above-mentioned studies was not de- 
termined. Subjects D.J.M. and E.B. of the present study con- 
sistently excreted more riboflavin in the urine than did the 
other subjects. These two, however, consumed a larger voliime 
of milk than the others; consequently, the per cent of the 
daily intake excreted was not markedly higher. 

The percentage of the average total daily intake excreted 
in the urine ranged from 36 to 51, with a mean average of 
43%. Five subjects excreted from 46% to 51%, and 8, from 
36% to 44%. These percentages are in close agreement with 
those reported by Everson et al. ( ’48) for 8 young women in- 
gesting a daily diet supplying approximately 2.4 mg of ribo- 
flavin, although the average daily intake in the present study 
was lower ; namely, 1.7 mg. The range in the Everson study 
was from 25% to 55%, with one subject excreting 55% ; 6, 
from 33% to 43% ; and one, 25%. 

On the 5th day of period 2 a 5-mg supplement of riboflavin 
was given orally to each of 5 subjects, and the 24-hour urinary 
excretion was observed. The percentage of the 5-mg supple- 
ment returned (table 2) ranged from 24 to 44, with mean av- 
erage of 34%. One subject returned 24% of the test dose; 
three, from 32% to 36% ; and one, 44%. These values for 
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an aveiage daily intake of 1,247 to 2,469 jjg are similar to 
.those observed by Brewer et al. (’46) at levels of 790, 1,040, 
1,-60, 2,230 and 2,720 pg. Their subjects were given a 3-mg 
est ose, they excreted 22, 30, 27, 31, and 56% in the 24 hours 
0 owing the periods of controlled intake. It is interesting 
to note that Z.H. of the present study, who gave the lowest 
peicentage excretion (36%) of the average total daily in- 
take, also excreted the smallest percentage of the S-mg supple- 
The fecal output of riboflavin was determined on the three 
subjects of the first period and on 4 during the second period 

TABLE 2 


Urinary excretion of riboflavin following a S-nig supplement 


SUBJECT 

AVEHAGE EXOEETIOH- 
PRIOR TO supplement 

EXCKEriON FOLLOWING 
SUPPLE3IET 

excretion op 

SUPPLEMENT 



fiff 

% 

M.W. 

478 

2,673 

44 

Z.H. 

463 

1,665 

24 

D.J.M. 

J.H. 

695" 

649 

2,288 

2,316 

32 

33 

P,H. 

487 

2,268 

36 

Average 

554 

2,242 

34 


^ Average excretion for two days only. 


y administering- a marker, as previously reported by Holt 
an ^ coular (’48). The range of fecal output was greatei* 
ui mg the first period than in the second ; namely, from 515 
to 954 and from 553 to 707 Mg'/day, respectively. These values 
were obtained on diets which averaged from 1,247 iig for the 
oimei to 1,447 for the latter. Only one subject (D.J.H.) 
participated during both of these periods. Her average out- 
put was less for the second period, 604 pg, than the 885 ex- 
creted duiing the first period. As previously stated, the 
average protein intake was also lower during the second 
period. The 5-mg supplement was given the last day of the 
second period. Even so, there was no increase in the fecal 
output. It is apparent from these data that the supplement 
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was well absorbed. These fecal riboflavin values are higher 
than those reported by Hathaway and Lobb (’46) for women 
subjects on a synthetic diet supplying 1,090 Mg' daily, and are 
lower than the excretion of the same subjects consuming a 
natural diet supplying 1,330 pg daily. Z.H. of the present 
study, who had the highest output of fecal riboflavin, had 
diarrhea two days during* the study. While it is kno'wn that 
some synthesis of riboflavin takes place in the intestines, it 
is not known to what extent this occurs. Consequently, a true 
balance cannot be determined, although it is evident that the 
total of the average fecal output and urinary excretion of 
riboflavin of these 5 subjects was in all instances less than 
the average riboflavin intake. Therefore both dietary and 
supplementary riboflavin were being absorbed. 

SUMMARY 

The riboflavin intake in food and excretion in urine of a 
group of 9 college women on self-selected diets were deter- 
mined chemically. The fecal output of 5 of these subjects 
was also determined. 

The average daily riboflavin intake, exclusive of the supple- 
ment given in one experimental period, ranged from 1,247 
to 2,469 Mg. 

The average daily urinary excretion of riboflavin on these 
intakes ranged from 36% to 51% of the intake. 

Follo'wing a 5-mg supplement of riboflavin, one subject re- 
turned 24% ; three returned 32% to 36% ; and one returned 
44%. 

The average daily fecal output of 5 subjects ranged from 515 
to 954 Mg, with a mean average of 682 Mg. 

The total of the average daily fecal output and urinary ex- 
cretion of riboflavin was less than the intake in all instances. 
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ARTIFICIAL ENRICHMENT OF "WHITE RICE AS 
A SOLUTION TO ENDEMIC BERIBERI 

I. PRELIMINARY REPORT OF FIELD TRIALS ^ 
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PANGANIBAN* AND JOSE P. DeLEON' 

E. S. Public SeaWi Service and Department of Sealth of the 
Sepublic of the Philippines, Manila- 

(Received for publication February 18, Iblb) 

A complete beriberi survey in Bataan Province bas been 
reported (Salcedo et al., ’48) showing an incidence of symp- 
toms of that disease in 12.77% of 12,400 people wbo were 
clinically examined. This survey was undertaken in contem- 
plation of the introduction of artificially' enriched rice in all 
municipalities on the Manila Bay side of the Province (68,000 
people). This was inaugurated October 1, 1948, after the in- 
stallation of machinery for quantitative mixing of “premix” 
with rice at each of 21 rice mills in the area. Labor and depre- 
ciation on this machinery, it is estimated, will add $0.0008 

^Thia study has been made possible by a grant from the Williams-Waterman 
^'und Committee of the Research Corporation, New York City, to the Department 
of Health of the RepubHc of the Philippines, The ^'premis^' was donated by 
Hoffmann-LaBoche, Inc., Nutley, New Jersey, TJ.S.A. Equipment and supplies 
were authorized from funds allocated to the XJ. S. Public Health Service Eehabili- 
tation Program in the Philippines in connection with the Philippine Behabilita- 
tion Act of 1946 of the 79th Congress of the United States of America, 

Read hefore the monthly meeting of the Manila Medical Society, March 8, 1949. 

* Director of Field Operations, U. S. Public Health Service in the Philippines, 
and Director, Institute of Nutrition, Republic of the Philippines. 

* Medical Supervisor, Welfareville Institutions, Social Welfare Commission, 
Republic of the Philippines. 

‘Major, Medical Corps, Office of the Surgeon General, Headquarters National 
Defense Forces, Republic of the Philippines. 

* Rice Mill Engineering Consultant employed imder a grant from the Williams- 
Waterman Fund. 
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pex* ganta (5 pounds) to the cost of rice. During the three 
months up to January 1, 1949, the enriched rice has proved 
acceptable to the population. The survey is to he repeated 
later to determine any change in incidence or in mortality 
from heriberi. 


MATEEIALS AND IMETHODS 

Previous to the introduction of artificially enriched rice in 
Bataan Province, it was considered necessary to conduct pre- 
liminary field feeding trials to determine its “ acceptability” 
in so far as color, taste, odor, palatability, and digestibility 
are concerned, as well as to determine any possible beneficial 
effects on general health and on existing peripheral neuritis 
and other symptoms of thiamine deficiency among' the sub- 
jects tested. This was necessary in view of the disappointing 
experiences local public health officials had previously^ en- 
countered with the introduction of brown rice, under-milled 
rice and certain varieties of parboiled rice. In the experi- 
ments cited below, as well as in the large-scale enrichment o 
rice being conducted in Bataan Province, we have used rice 
grains impregnated with thiamine, niacin and iron pyiO' 
phosphate, known as “premix,” in such concentrations tha 
when one part by weight of this “premix” is mixed ■with ^200 
parts by weight of white, polished rice (Pur ter et al., do; 
the final mixture (now known as enriched rice) as delivere 
contains per pound 2.0 mg of thiamine, 15 mg of niacin, an 
13 mg of iron. The nutrients to be used in a Philippine na- 
tional enrichment program will be determined later, taking 
into consideration the results of present and future studies. 

EESULTS AND OBSEKVATIONS 

Three sets of observations Avere made: I, among govern 
ment employees; II, among cloildren housed and fed in the 
Welfareville Institutions of the Social Welfare Commission; 
and III, among personnel of the Armed Forces of the Philip- 
pines. 
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1. Government employees 

A single 5-lb. trial quantity of enriched rice was g^ven to 
each of 284 government employees and their i-espective fami- 
lies totalling, including the employees, 2,188 persons. All of 
these individuals consumed the enriched rice as a part of 
their usual daily menus and reported uniformly that it Avas 
found satisfactory and acceptable in all instances. 

11. Welfareville institutions — enriched rice observations 

Tavo hundred eighty-seven children of both sexes and of 
different ages, ranging from three years to 18 years, were 
served enriched rice starting April 1, 1948. Another group 
of 287 children of similar sex and age distribution Avas served 
Avith the same amount of white milled rice, Avithout ‘ ‘ premix. ’ ’ 
The children in both groups each consumed daily 200 to 250 
gm of rice in addition to the other components of their diet 
Avrhieh, however, was generally deficient in thiamine when 
judged Avith respect to recommended daily allowances. Both 
groups were in fairly good health and showed no symptoms of 
thiamine deficiency at the start of or during the experiment. 
In Bataan Province it was found that clinical beriberi in chil- 
dren from two to 15 years of age is rare (Salcedo et ah, ’48). 
Before the project began, the children under observation 
Avere physically examined and their heights and weights were 
taken. Hemoglobin values and red cell counts were taken on 
30 children in each group. On July 1, 1948, the same exami- 
nations Avere repeated to determine the effects of enriched 
rice on their health and nutrition. 

Besults of observations three months after the start of the 
experiment — 

1. Average increase in height of the children : For the con- 
trol group (no enriched rice given), 0.63 cm; for the group 
served Avith enriched rice, 0.79 cm. 

2. ^ The per cent of each group who increased in height by 
specified amounts is given in table 1. 

3. Average pin in Aveight: For the control group (no en- 
riched rice given), 0.62 kg; for the group served Avith 
enriched rice, 0.77 kg. 
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4. The per cent of each group who gained specified 
amounts in weight is given in table 2. 

Comments. From the above data it may be inferred that 
the children served with enriched rice for a period of three 
months had increased in height and gained in weight more 
than those that were not served with enriched rice. 

The above observations were continued for an additional 
period of 5 months, or a total of 8 months from the start, on 
520 children, 260 serving as the experimental group (fed with 
enriched rice) and an equal number being used as controls. 


TABLE 1 


— 



INCREASE IN HBIGST * 


GROtrPS tlJTDEE OBSERVATION 

KO IN- 
CREASE 

0.1- 
1 era 

1.1- 
2 cm 

2.1- 
3 cm 

3.1- 
4 cm 

a. 

2. 

Group served ■with enriched rice 
Control group (no enriched rice) 

% 

7.66 

11.84 

66.50 

63.76 

% 

24.00 

22.64 

rc 

1.84 

1,76 

0 

0 

table 2 _ 




GAIN IN WEIGHT BETIVEEif- 


GROUPS XrNBER OBSERVATION 

NO 

GAIN 

0.1- 

1kg 

1,1- 
2 kg 

2.1- 
3 kg 

3.1- 
4 kg 

1, 

2. 

Group served with enriched rice 
Control group (no enriciied rice) 

% 

0.90 

9.42 

% 

63.36 

76.63 

^0 

21.78 

11.43 

% 

4.45 

2.52 

% 

0.51 

0 


Twenty-seven children from each group had to be droppe 
due to transfers and discharges from the institutions. 
Results of observations at end of eight months — 

1. Average increase in height of the children : for the con- 
trol gToup (no enriched rice), 2.27 cm; for the group serve 
■with enriched rice, 2.34 cm. 

2. The per cent of each group who increased in height by 
specified amounts is given in table 3. 

3. Average gain in weight of the children : For the contro 
group (no eni’iehed rice), 1.43 kg; for the group served wit 
enriched rice, 1.91 kg’. 

4. The per cent of each group who gained specific 
amounts in weight is given in table 4. 
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5. Average increase in hemoglobin % : For the control 
group (no enriched rice), 7.33%; for the group served 'with 
enriched rice, 13.83%. 

6. Average increase in red cell count: For the control 
group (no enriched rice), 431,000 red cells; for the group 
served with enriched rice, 667,000 red cells. 

Comments. From the above data it may be inferred that 
the children served with enriched rice for a period of 8 
months had increased in height and gained in weight slightly 
more than those that were served with ordinary rice. It may 


TABLE 3 




INCEEASB 

INCaEASE IK HEIGHT BETWEEN : 


OHOUPS UNDEE- OBSEEVATIOif 

0.1- 
1 cm 

1.1- 
2 cm 

2.1- 
3 cm 

3.1- 
5 cm 

1. 

Control group (no enriched rice) 

% 

4.61 

% 

15.76 

% 

24.23 

% 

27.69 

% 

27.71 

2, 

Group served with enriched rice 

2.30 

17.69 

21.15 

30.38 

28.48 


TABLE 4 


CROUPS UKDER 

PECREASEU 

KO GAIK 
IN 

WEIGHT 

GAIK IN WEIGHT BEATWEEK 

; 

OESEBVATIOK 

IK WEIGHT 

0.1-1 kg 

1.1-2 kg* 

2.1-3 kg 

3.1-5 kg 


% 

% 

% 

% 

% 

% 

1. Control group 

2. Group served with 

8.84 

4.23 

28.45 

33.07 

16.53 

8.88 

enriched rice 

5.00 

0.76 

24.23 

34,61 

16.53 

18.87 


also be noted that more children among those served with en- 
riched rice increased in height, from two to 5 cm, and gained 
in weight, from two to 5 hg. Fewer children among those 
served with enriched rice decreased in weight or gained no 
weight. It was also observed that enriched rice did not pro- 
duce any unfavorable reactions among the children served 
with it. 

111. Enriched rice feeding of Armed Forces personnel 

A clinical survey for beriberi was conducted among the 
personnel of certain units of the Armed Forces of the Philip- 
pines late in September, 1947, and repeated in July, 1948, as 
noted in table 5. 
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Enriched rice was issued to units 1 and 2 (table 5) and un- 
enriched white rice to unit 3 from January 1 to mid-July, 
1948. In addition, enriched rice was issued to 800 enlisted 
men of the First Infantry Training Battalion and to 150 
civilian employees of the Ordnance Center. Thus, a total of 
1,416 persons of the military establishment consumed en- ^ 
riched rice and were questioned and observed as to its accept- 
ability and its effects. Clinical observations, however, were 
substantially confined to the personnel listed in table 5. 

The use of enriched rice was not maintained consistently 
at the Ordnance Center, and in all three groups there was 


TABLE 5 

Experimental and control groups in armed forces 




SEPT. 1947 

JULY 1948 

WEIGHTS ^ 


UNIT 

Total 

men 

No. with 
defi- 
ciency 
symptoms 

Total 

men 

No. with 
Bi defi- 
ciency 
symptoms 

In- 
creased 
(0.5- 
14 lb.) 

creased 
(0.5- 
9 lb.) 

1. 

Signal Service Bn. (exptl.) 

130 

21 

93 

0 

60 

15 

2. 

3. 

Ordnance Centef (exptl.) 
Engineer Service Bn. 

220 

67 

143 

25 ^ 

51 

81 


(control) 

116 

13 

S3 

30 

40 

27 


^Weight changes are recorded only for those men who remained in the units 
throughout the period of experiment, 

“Sixteen cases of this group had no symptoms during the first survey. 


considerable movement of men to other camps. These dis- 
turbing factors interfered with the conduct of a rigorously 
controlled experiment, but certain of the results appear to be 
of interest. 

Findings. A monthly check rvas made on all the men receiv- 
ing the enriched rice, as to any reactions to it. All stated that 
there was no change in taste, color or palatability. There w^as 
a mild odor reminiscent of tikitiki. There was no increase in 
the incidence of gastrointestinal symptoms in the daily sick 
call. No untowmrd by-effects were attributed by the men to 
the eni’iched rice. All the men of both experimental and con- 
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trol groups were given the other components of their usual 
daily diets. 

DISCUSSION 

The Signal Service Battalion is a unit which showed the 
typical reaction due to constant feeding of enriched rice for 
6 months, with general improvement in the iihysical appear- 
ance of the men. Sixty-five per cent of the men gained in 
weight, while 17% lost in weight. All of those with signs or 
symptoms of peripheral neuritis failed to show or complain 
of any further manifestations of this symptom-complex. Con- 
trast this with a unit having a big work load, much movement 
of personnel, and irregular feeding with enriched rice, at the 
Ordnance Center. In this group there were 30% who in- 
creased in weight, 55% who lost in weight. Those cases which 
previously showed mild symptoms and sigms were relieved 
but, although there was a big reduction in those with one or 
two signs or symptoms, 16 formerly showing no symptoms 
had developed symptoms of peripheral neuritis after 6 
months. These 16 were among personnel who had been trans- 
ferred to and from other ordnance units and those on cash 
rations permitting them to eat outside. Considering that 
their messes were practically identical Avith those of the Sig- 
nal Battalion the different results indicate the effects of neg- 
lected use of enriched rice. The results shown in the Engineer 
Service Battalion (controls) indicated health improvement 
directly attributable to improved diet (caloric increase), but 
the increase in the number of cases Avith one or tAvo signs or 
symptoms of polyneuritis indicated that the quality, at least 
the thiamine intake, Avas still subnormal. Contrast this Avith 
results in the Signal Service Battalion, Avhere all cases Avith 
symptoms improved. 

Deaths from beriberi in Bataan Province 

Preliminary obseiwations on the effect on bei'iberi mor- 
tality in Bataan of the introduction of artificially enriched 
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INTBOBUCTION 

Evidence that the nutrition of the human mother is im- 
portant during pregnancy has become increasingly clear in 
recent years (Burke and Stuart, ’48). Studies of the influence 
of maternal nutrition upon fetal growth and development, as 
well as investigation of its importance to the mother’s health 
and course of pregnancy, have been and are being carried out 
in cooperation with the Boston Lying-in Hospital as a part 
of a larger research program on growth and development now 
in progress in the Department of Maternal and Child Health, 
School of Public Health, Harvard University. 

Data on 216 women and their infants have already been 
published (Burke, Beal, Kirkwood and Stuart, ’43; Burke, 
Harding and Stuart, ’43). The present report deals with 68 
younger infants horn to 57 of these women. This group in- 
cludes 57 second, 10 third siblings and one 4th sibling. 

‘ This study was carried out under a grant from the General Education Board, 
Rockefeller Foundation, and is being completed under grants from the James 
Foundation and the Nutrition Foundation, New York City. 
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Data on this gTonp of 68 siblings are compared with the pub- 
lished studies to learn whether in the two series a similar 
relationship exists between the mother’s diet during preg- 
nancy and the physical condition of her infant at birth. 

Fifty-three pairs of first and second siblings ^ are presented 
for separate discussion because they offer a situation in "which 
hereditary and environmental variables, in part, have been 
controlled. Of the 57 second siblings, all hut 4 have been 
matched to a first sibling; 4 cases have been excluded because 
the mother at the first pregnancy gave birth to twins. By 
comparing these matched pairs of siblings it may be possible 
to learn whether the same mother on a like or a different diet 
tends to give birth to an infant in like or different physical 
condition. Since the kinds and amounts of food which a 
woman consumes are largely the result of long-established 
eating habits and the diets of the same mother tend to be 
similar in successive pregnancies, this attempt to compare 
the effect of maternal nutrition on matched siblings is diffi- 
cult. In this paper only general ratings of the maternal diets 
during’ the latter part of pregnancy are used. No information 
wms collected about the diets normally consumed by these 
women before or between pregnancies. Therefore, we do not 
know to vrhat extent their food habits were changed during 
pregnancy except in that part of it under observation. Since 
no appreciable effort was made to change the food habits of 
these women during their preg’nancies, it is likely that the 
dietary ratings given represent not only the diets of the 
women during pregnancy but, in the majority of cases, their 
long-time food habits. Hence, any association found between 
prenatal dietary rating and condition of infant at birth may 
be due either directly or indirectly to the diet during preg- 
nancy, or to long’-established food habits which tend to con- 
trol a woman’s nutritional state at the time she enters 
pregnancy, or to some combination of these two factors. It 
is possible that nutrition during the latter part of pregnancy 

'First and second siblings refer to the order of children enrolled in the study 
and not necessarily to position in the family. 
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is a factor in certain relationships shown to exist, while long- 
established food habits may he important to both mother and 
fetus in other ways. 


EXPERIMENTAL 

/ 

Method of collecting and evaluating prenatal diets 

The dietary histories taken from the 57 women going 
through one or more additional pregnancies were collected in 
the same manner as those in the published series (216 cases). 
Calculations were made based on these histories and the re- 
sults evaluated in a manner already described in some detail 
in previous publications (Burke, Beal, Kirkwood and Stuart, 
’43; Burke, ’47). It should be pointed out that the dietary 
histories give a picture of the average daily food intake of 
these women during the period studied. The ranges within 
the rating scale used absorb the majority of the inaccuracies 
which may remain in the dietary history, although our method 
of carefully cross checking all data obtained in the taking of 
the history reduces such errors to a minimum. The diets, as 
was the case previously, were rated in 5 categories.® This 
method of assigning’ a mean general dietary rating to the 
average daily intake of each woman during preg’nancy places 
the women in a relatively exact relationship to each other on 
the basis of their average dietary intakes. 

Method of rating the physical condition 
of the infant at hirth 

The pediatric ratings which describe the condition of the 
infants at birth and at the end of their two weeks ’ stay in the 

’“Excellent,” “good,” “fair,” “poor” and “very poor.” The mean 
general dietjiry rating used in this paper was obtained in the following manner: 
numerical values were assigned to the ratings given each essential nutrient ac- 
cording to the range wthin which the calculated value fell: “ Excellent = 4 - ‘ 
‘‘good” = 3; <‘fair»" = 2; “poor»'==l, and ‘‘very poor»» = 0. The average 
caloric intake was also evaluated numerically. These numerical ratings were aver- 
aged and reconverted to the terminology representative of this average value of 
the diet. (See also footnote 5, p. 457.) 
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hospital nursery are based, as -were those of the already pub- 
lished cases, upon the obstetrician’s evaluation of the infant’s 
condition at birth together with a routine physical examina- 
tion by one of the pediatricians of the Growth Study Staff 
within 48 hours of birth and again before the infant’s dis- 
charge from the hospital. The progress of the infant during 
his stay in the nursery was carefully recorded and any infant 
whose progress was not entirely satisfactory was seen fre- 
quently by one of the pediatricians on the Gro-wth Study 
Staff. From this detailed information the pediati’ic ratings^ 
for the 68 siblings were done independently by a pediatrician 
new to our staff. 

Consideration of original 216 cases ivith the addition of 
68 cases of siblings 

Figure 1 shows the relationship between the general diet- 
ary rating for pregnancy and the physical condition of the 
infant at birth when the 68 eases of siblings were added to 
the 216 published cases and the results depicted graphically, 
as in the original publication (Burke, Beal, Kirkwood and 
Stuart, ’43, fig. 2, p. 580). In the 284 cases when the maternal 
diet was “excellent or good,” 95% of the infants were in good 
or excellent physical condition at birth and only 5% were in 
either fair or poorest physical condition. In contrast, when 
the maternal diet was “poor to very poor” 65% of the infants 

’An infant was called "excellent” ("superior” in the previously puhUshed 
series) when he had no physical count of any kind against him either at the 
birth examination or during his first two weeks of life; he was caUed "good” 
with only one or possibly two minor physical counts against liini. An infant 
called poorest’^ when he was stillborn or died during the neonatal period, 
a congenital malformation at birth, was premature (under 5 lb. at birth) ^ 
was ‘‘functionally immature” (physical development and performance of the 
infant considered below normal in some way other than weight and length alono)* 
All other infants were termed in “fair” condition. This group includes some 
infante in a fair to good condition, others in a fair to poor condition, according 
to the pediatric findings. In interpreting these ratings, as in the case of the 
infants on whom findings have been pubHshed, those infants termed “good” are 
relatively close to those termed “excellent” in physical condition, while the gronp 
called “fair” represents a wider range. 
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were in the poorest physical condition at birth and 27 fo were 
in fair condition^ while only 8% were in either good or excel- 
lent physical condition. Average birth weights and lengths of 
infants in each dietary category are included in figure 1 and 
in subsequent figures. 

Figure 2 represents the 216 cases with the original “fair” 
diet group (149 cases) divided into 103 cases which comprise 



EJtCELUtNT OR GOOD 
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AVER. BIRTH Wt OlflS 90Z 
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FAIR 

t202tt49^531CAS£SI 
7 LBS-8 02 
5OJ0CW. 


POOH TO VERY POOR 
140(36^ 41 CAS£Sl 
SLBSiSOZ 
482 CM 


PRENATAL DIETARY RATING (MEAN GENERAL) 


Pig. 1 Relationship of prenatal dietary rating (meaa general) to the physical 
condition of the infant at birth. (Three maternal dietary groups, 284 cases.) 


a somewhat Darrower ‘‘fair’’ diet group,* the remaiaiug 46 
cases are called “poor.”^ This division was made since fur- 
ther work led ns to believe that the relationship between the 
condition of the fetus and a poor nutritional environment in 
the mother changes most abruptly as the diet becomes very 
poor. The lowest mean general dietary ratings are then 

'^The original *‘faiT»» diet group contained all mean general dietary ratings 
from 2.7 to 1.1 inclusive. In dividing this rather wide ^'fair^^ diet group, the 
new ‘‘fair** diet group was made to include only mean general dietary ratings 
from 2.7 to 1.8 inclusive. The ratings from 1.7 to 1.1 inclusive are termed 
“poor.** The lowest mean general dietary ratings, as was the case previously 
with those Under 1.1, are called “very poor.** Hean general dietary ratings 
from 2.8 to 3.2 inclusive axe termed “good** and of 3.2 or more “excellent** 
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termed “very poor” and represent an extremely deficient 
dietary even in the minds of the most conservative. The divi- 
sion into 4 dietai'y gTOups, used in figure 2, shows more clearly 
the consistent trend toward lower physical ratings of infants 
with lower maternal dietary ratings, and particularly the ab- 
rupt increase in the percentage of poorest infants as the diet 
changes from “poor” to “very poor.” It is evident that a 
“very poor” maternal diet is associated with an infant in the 

216 CASES (FIRST SERIES) 



PRENATAL DIETARY RATING (IIEAN GENERAL) 

Eig. 2 Eelationship of prenatal dietarj rating (mean general) to tlie 
condition of the infant at birth. (Four maternal dietary gfroupS; 216 cases, rs 
series.) 


poorest physical condition at birth, while an “excellent oi 
good” diet is associated with an infant in excellent or good 
condition at birth. Furthermore, figure 2 illustrates the con- 
sistent shift in physical condition of the infant with each 
change in either direction in the mean general prenatal dietary 


rating. 

Figure 3 presents the data on the 68 siblings in like man- 
ner. An essentially similar graph results, except that the 
“poor” diet group contains a considerably higher incidence 
of poorest infants than was found in the original 216 cases. 
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Relation of average birth weights and birth lengths of infants 
to prenatal dietary ratings ( mean general) 

The average bii’th weights and lengths of the infants in the 
various maternal dietary categories are given in each figure 
shown. In every instance the average birth lengths and 
weights decrease as the maternal dietai’y ratings become 
poorer. The constancy of this relationship in every grouping 
of cases is impressive. 


68 SIBLING CASES 



8LBS 90Z 7lBS« 40Z. 7L3S30Z 6 L9S iJOZ. 

A^£B BRTh i.£f«GTH CM CM <55 V* ^313 Ct« 


PRENATA.L. DIETARY RATING (:itEAN GENERAL) 

Fig. 3 Relationship of prenatal dietary rating (mean general) to the physical 
condition of the infant at birth. (Four maternal dietary groups, 68 sibling 
cases.) 


Since physical condition of infant and birth weight and 
length are to some extent related, and physical condition of in- 
fant at birth and maternal dietary ratings are closely related, 
the question arises : Are birth weight and birth leng-th more 
closely associated with physical condition of infant at birth 
than with maternal dietary rating? Table 1 attempts to an- 
swer this question by listing average birth weights and 
lengths of infants according to the prenatal dietary ratings 
and according to the physical condition of the infants at birth. 
Although a study of this table demonstrates a relationship 




' Numbers iu upper left band corn era number of eases. 

* Four cases no birth lengths. 

* Otio case no birth weight. 
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betv?'eeii physical condition at birth and birth weight and 
length, a closer relationship is shown between maternal diet- 
ary rating for pregnancy and birth weight and length of 
infant. 

Comparison of 53 matched pairs af siblings 

Figure 4 depicts the relationship between the maternal 
dietary ratings and the physical condition of the first siblings 
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PRENATAL DIETARY RATING (MEAN GENERAL) 


Fig. 4 Relationship of prenatal dietary rating (mean general) to the physical 
condition of the infant at birth. (Four maternal dietary groups^ 53 first siblings.) 


of the 53 matched eases (taken from the 216 original cases). 
Figure 5 shows the same relationship for the second siblings, 
younger brothers or sisters of the first siblings. These figures 
illustrate again in a striking manner the consistent shift in 
the physical condition of the infant with each change in either 
direction in the mean general prenatal dietary rating. 

The relationship between the prenatal dietary ratings of 
the 53 mothers during their first and second pregnancies was 
studied. Thirty of the 53 women had the same dietary ratings 
during both pregnancies. Sis of the mothers improved their 
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dietary ratings by one category and 5 improved them by two 
categories. On the other hand, 7 of the mothers had dietary 
ratings during their second pregnancies which were poorer 
by one category than those during the first, while 5 showed 
ratings which were worse by two categories. The group as a 
whole remained at about the same dietary level during their 
two pregnancies. It is well known that to change an indi- 
vidual’s food habits is time-consuming and costly. Ap- 
parently greater motivation and more education are required 


53 SECOND SIBLINGS 
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Pig“. 5 Relationship of prenatal dietary rating" (mean general) to the physictil 
condition of the infant at birth, (Four maternal dietary groups, 53 second 
siblings matched to 53 first siblings,) 


than were given to this group of women. It is unfortunate 
for this study that the diets of these women tended to x'emain 
the same or changed only slightly during their successive 
pregnancies. 

The physical ratings of the first and second siblings of the 
53 mothers are shown in table 2. These mothers tended to 
produce pairs of offspring in the same condition during theii 
successive pregnancies. It should be noted that these 53 
mothers, who enrolled two or more of their children in the 
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Growth Study, produced better babies than did the remainder 
o£ the 216 mothers. There were neither stillbirths nor neo- 
natal deaths in the 106 children involved here. 

Table 3 lists all the poorest first and second siblings in the 
53 matched pairs, and includes an explanation of their physi- 
cal ratings. It compares each infant with his sibling and with 
the dietary ratings of their mother during her two pregnan- 
cies. It is of interest that of the 12 poorest infants 4 com- 
prised two pairs of siblings. Of the remaining 8 poorest 
siblings, 5 are paired "with a brother or sister in fair condi- 
tion. In only three instances was a poorest sibling paired 
with an infant in good or excellent physical condition. 


TABLE 2 

Physical ratings at hirtli on first and second siblings 


BATIKOS OK 

SECOND SIBLINGS 


RATINGS ON FIRST SIBLINGS 


Exc- 

Good 

Pair 

Poorest 

Total 

Excellent 

1 

0 

1 

0 

7 

Good 

7 

le 

6 

2 

27 

Pair 

1 

3 

7 

1 

12 

Poorest 

1 

1 

3 


7 

Total 

10 

21 

17 

0 

53 


Table 4 shows the change in the condition at birth of the 
second sibling from that of his older brother or sister with 
the change in the mean general prenatal dietary rating. The 
diet was considered to have changed for better or worse if it 
was shifted one or more dietary categories (i.e., from ‘^good” 
to “excellent,” etc,). Eleven mothers improved their diets 
during their second pregnancies. Sis of these produced sec- 
ond infants v?hich were in better condition than the first, 
wliile only three produced second babies in worse condition. 
Among 12 mothers whose diets were worse during their sec- 
ond pregnancies, 5 produced second babies in worse condi- 
tion, while only two produced better infants. 

It has been pointed out previously that there were 10 
mothers whose diets had changed by two categories. It is of 
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some interest to see what happened to the respective babies. 
There were three mothers whose diets shifted from fair to 
excellent: in these cases the condition of the babies changed 
from good to excellent. There wei’e two mothers whose diets 
changed from veiy poor to fair: in one of these cases the 
condition of the second sibling improved from poor to fair, 
while in the other the condition of both babies was good. 
There were 5 mothers whose diets during their second preg- 

TABLE 3 

Comparison of all poorest first and second siblings in the S3 matched gairs u'ith 
their sibling and with the dietary ratings of the mother during 
the two pregnancies 


CASE NO. 



PEENATAD DIETABY 
EATING 

(mean general) 

First 

sibling 

Second 

sibling 

PHYSICAXi CONDITION OF INFANT AT BIRTH 

50 

130 

Fair 

Poorest ~ 

- functionally immature 

Veiy poor 
Poor 

32 

131 

Fair 

Poorest ~ 

" hemorrhagic disease of newborn 

Poor 

Poor 

56 

145 

Fair 

Poorest — 

- hemorrhagic disease of newborn 

Poor 

Poor 

24 

170 

Excellent 
Poorest ~ 

- congenital malformation of ribs 

Poor 

Poor 

250 

270 

Good 

Poorest — 

- club foot, hammer toe 

Fair 

Poor 

116 

214 

Poorest — 
Poorest ~ 

“bifid uvula 

- cleft palate (feeble-minded at 1 yr.) 

Fair 

Very poor 

158 

228 

Poorest — 
Poorest — 

-premature (3 lb. 14 oz.) 

-premature (3 lb. 15 oz.) 

Very poor 
Very poor 

81 

239 

Poorest — 

Fair 

•congenital heart (heart murmur promi- 
nent during first year; rapidly disap- 
peared thereafter) 

Excellent 

Good 

231 

285 

Poorest — 
Fair 

■cleft palate (feeble-minded at 1 yr.) 

Very poor 
Fair 


Poorest — premature (3 lb. 6 oz.), inguinal hernia Fair 
305 Good Fair 
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naudes were worse by two categories than those during the 
first pregnancies. For 4 of these the dietary change was' from 
excellent to fair. The condition of the infant in two of these 
cases deteriorated, it remained the same in one case, and the 
second infant was better than the first in the other ease. 
There was one mother whose diet shifted from fair to very 
poor and both of her infants were rated poorest at birth. 

Improvement of the infant’s condition with improvement 
of the maternal diet and deterioration of the infant’s condi- 
tion with deterioration of the maternal diet appear in this 
series where each of the 53 mothers was observed through 
two pregnancies, but the changes are not sufficiently striking 


table 4 

Change in condition of infant with change in maternal dietary rating 
(mean general) 


SECOIH) ilATERNAI* 


SECOND SIBIjINGS 


DIETARY RATINGS 

Better 

Same 

Worse 

Total 

Better 

6 

2 

3 

11 

Same 

7 

IS 

S 

30 

Worse 

2 

5 

5 

12 

Total 

15 

22 

16 

53 


to be statistically significant. Nevertheless, this particular 
series of matched siblings is unique since it has been possible 
to use each mother as her own control and thus to eliminate 
to some extent certain of the extraneous factors which influ- 
ence the condition of babies at birth. 

SUilMAKY AND CONCLUSIONS 

A study of the physical condition at birth of 68 siblings (57 
second, 10 third siblings and one fourth sibling) born to 57 of 
the women studied in a previously published series of cases 
has been made in relation to the mean general dietary rating 
for the latter part of these subsequent pregnancies. 

1. In the 284 cases when the maternal diet was “excellent 
or good,” 95% of the infants were in good or excellent physi- 
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cal condition at birtli and only 5% were in either fair or 
poorest physical condition. In contrast, when the maternal 
diet was “poor to very poor” 65% of the infants were in the 
poorest physical condition at birth and 27% were in fair 
condition, while only 8% were in either good or excellent 
physical condition. 

2. The “fair” diet group was divided into two groups, 
thus giving 4 maternal dietary groupings: (1) “excellent or 
good”; (2) “fair”; (3) “poor”; and (4) “very poor.” This 
has helped to make clear that a “very poor” maternal diet is 
associated xvith an infant in the poorest physical condition 
at birth, while an ‘ ‘ excellent or good ’ ’ diet is associated with 
an infant in excellent or good condition at birth. The con- 
sistent shift in physical condition of the infant with each 
change in dietary rating in either direction is impressive. 

3. The statement still remains true that all of the stillborn 
infants, all of the neonatal deaths but one, all of the pre- 
mature infants but one (a neonatal death), all of the func- 
tionally immature infants, and most of the congenital defects 
were found in the group of infants born to mothers with 
“poor” or “veiy poor” prenatal diets. Since no major effort 
was made to change the dietary habits of these women, it is 
probable that in the majority of the cases the prenatal dietaiy. 
rating was representative also of long-time food habits. 

4. The average birth weight and birth length of the infant 
decreased as the maternal dietary rating’ became poorer. The 
constancy of this relationship is impressive. While a relation- 
ship exists between physical condition of infant and birth 
weight and length, a closer relationship is shown betiveen 
maternal dietary rating for pregnancy and birth weight and 
length of infant. 

5. Data were presented on 53 matched pairs of siblings. 
Improvement of the infant’s condition with improvement of 
the maternal diet and deterioration of the infant’s condition 
with deterioration of the maternal diet appeared in this sei'ies 
where each of the 53 mothers was observed through two preg- 
nancies. While the changes were not sufficiently striking to 
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be statistically significant, it is felt that this series of matcfied 
siblings is nniqne since it has been possible to use eacb. mother 
as her own control and thus in part minimize hereditary and 
environmental variables which influence the condition of 
babies at birth. Similar studies of women through successive 
pregnancies may help further to clarify the relationship be- 
tween prenatal diet and the condition of the infant at birth. 
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FOLIC ACID STUDIES lU THE MINK AND POX ^ 


S. B. TOVE, A. E. SCHAEFER = AND C. A. ELVBHJEM 
Department of Biochemistry, College of Agriculture, University 
of Wisconsin, Jtadison 

TWO FIGUEES 

(Eeceived for pubUcation 3March 11, 1919) 

Previous publications from tbis laboratory have shown that 
TniTtlr and foxes require a dietary source of folic acid (Schaefer 
et al., ’46, ’47). Later it was shown that an unidentified factor 
present in a 60% methanol extract of fresh liver is also needed 
(Schaefer, T?hitehair and Elvehjem, ’48). Since this extract 
was found to contain only 2.0 to 2.3 ^Jg of folic acid per milli- 
liter,^ and in view of the similarity of syndrome of the two 
deficiency states, we undertook a study of the interrelation- 
ship between these two dietary essentials. An earlier observa- 
tion on the inability of the fox to use the conjugated forms 
of folic acid was studied further through the use of crystalline 
materials. 

EXPERIMENTAL AND RESULTS 

Pour fox pups and 29 mink kits were placed on a purified 
basal ration which had the following composition in grams: 
sucrose 66, casein 19, salts IV (Philhps and Hart, ’35) 4, 

'Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station. These studies were supported by project 614 of the Wis- 
consin Agricultural Experiment Station, and by a grant from the Borden Com- 
pany, :New York, N, Y. 

A portion of this work was reported briefly in Fed. Proc., 8: 399, 1949. 

'Present address: Agricultural Experiment Station, Alabama Polytechnic In- 
stitute, Auburn, Alabama. 

’We arc indebted to O. E. Olson for the microbiological assay of folic acid 
in this material. 

* Smaco vitamin test. 
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and cottonseed oil 11. Eacli 100 gm ration was supplemented 
mth 0.2 mg thiamine HCl, 0.2 mg pyridoxine HCI, 0.4 mg 
ri o avin, 1.5 mg Ca pantothenate, 4.0 mg nicotinic acid, 100 
mg choline, 25 mg i-inositol, 50 mg p-aminobenzoic acid, 0.5 
mg 2-methyl 1-4 naphthoquinone, and 0.025 mg biotin. Haliver 
oil fortified with a-toeopherol acetate and vitamin D3 was 
a ed so that each 100 gm ration contained 4 mg a-toeopherol, 
, 00 I. U. vitamin A and 120 I. U. vitamin Dg. The care and 

andling of the animals were the same as in previous experi- 
ments. 

Fox shtdies 

After receiving the basal ration for 13 weeks, a loss of 
0 y weight (fig. 1) and a decrease in hemoglobin content of 
^ e blood were noted in fox 52. Thirty milliliters of a commer- 
cial refined liver extract ^ were given parenterally in doses 
o 3 ml every third day. No response in body weight or 
emoglobin resulted, and the ration was supplemented ivitli 
.1 mg folic acid per 100 gm ration. Body weight increased 
6 kg in 10 weeks and the hemoglobin increased 2.5gni/^> 
in the same period of time. 

When fox 58 (fig\ 1) fiad been on the basal ration 12 weeks 
a ec me in body weight occurred, and three weeks later 
anemia and anorexia developed. Five millilitei's of the ineth- 
ano extiaet of fresh liver (1ml = 10 gm liver) was admin- 
is eie 01 ally and the anorexia was corrected. The methanol 
ex was then included in the ration at a level of 1% (1ml 
pci 0 gm lation), and an immediate response in body weight 
l^cmoglobin, which had varied between 12.8 and 

t5m%, inci eased to 15.5 when the methanol extract was 
given. 

received the basal ration 
tor 18 and 14 weeks respectively, the syndrome of folic acid 
deficiency developed. Six milligrams of folic acid as the 
heptaglutamate were injected intravenously (2 mg every 

iso. 2505, 15 tr.S.P. antipernicious anemia units per 
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other day) into the latter animal, but loss of body weight and 
hemoglobin continued. Two milligrams of folic acid were 
given by intravenous inj fiction and 18 days later an addi- 
tional 2 mg were administered. A prompt increase in body 
weight and hemoglobin content of the blood resulted. In fox 
62, 2.5 mg fohc acid as the heptaglutamate were injected 
intravenously, and when it was evident that no response 



Pig. 1 Gxowtli curves for foxes receiving the basal diet and the basal diet 
supplemented mth folic acid and liver extracts. 


would be obtained 5 mg of pteroyl-triglutamic acid® were 
also administered. Hemoglobin levels remained between 10.7 
and 11.5 gm%, and no increase in body weight was noted. 
Twenty-six days later 2 mg folic acid were given parenterally, 
and two more injections at the same level were given at two- 
week intervals. Three months after receiving the first injec- 
tion of folic acid, body weight had increased 2.9 kg, but hemo- 
globin remained at relatively the same level. 


* “Teropterin.*’ 
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Minh^studies 

Mink 74 (table 1), receiving the folic acid-“free” ration, 
grew normally for 7 weeks and then failed to grow. TlTien 
1% methanol extract was added to the diet, body weight in- 
creased 325 gm in 8 weeks and the hemoglobin increased 3.6 
gm%. A second decline in body weight and hemoglobin then 
occurred even though the extract was continued. Five milli- 
grams of folic acid administered parenterally produced no 
improvement and the animal died. In light of previous work, 
death was probably due to a lack of the residue factor 
(Schaefer, Tove, Whitehair and Elvehjem, ’48). 

Mink 175 and 177 (table 1), after receiving the basal diet 
for 8 weeks, lost 500 and 430 gm, respectively. The former 
animal was given 1% of the methanol extract and body weight 
increased 310 gm in three weeks. The same level of extiact 
was injected intramuscularly (based on food consumption of 
the previous day) into -mink 177, and in three weeks body 
weight increased 300 gm. Two animals, 109 and 107, weie 
given the basal ration supplemented wdth 1 ml methanol ex- 
tract per 100 gm ration. Mink 109 appeared normal in both 
body weight and hemoglobin after 7 months on experiment. 
Mink 107 lost weight after receiving this diet for 16 weeks, 
but the administration of folic acid either in a single dose 
of 1 mg or the addition of 0.1 mg per 100 gm I’ation had no 
effect. A response was obtained, however, upon the addition 
of 4% residue to the ration. 

Mink 134 and 157 exhibited deficiency symptoms after re 
ceiving the basal ration for 4 and 8 weeks, respectively^ 
Parenteral administration of a commercial liver concentrate 
equivalent to five-tenths or one antipernicious anemia uni 
in the former animal and five-tenths unit in the latter, na 
no effect. However, when the methanol extract was given, a 
response in body weight resulted. The daily injection of 1 
vitamin Bjo for 5 days was ineffective in alleviating^ symP 
toms of a lack of the methanol extract factor exhibited J 

' Eli Lilly and Company. Eeticulogen, 20 XJ.S.P. antipernicious anemia w"* 
per millUiter, 
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mink 178. Vitamin B 12 also failed to elicit a response in mink 
142 receiving 4% residue in addition to the basal ration supple- 
mented with folic acid. 


TABLE 1 

Effect of rorious supplements on growth of viinlc receiving tJie hasaX ration 


MIXK >’0. 

ration 

DAYS ox 

EXPEBI- 

body 

WEIGHT 

SUPPLEMENT 

DAYS 

BODY 

WEIGHT 



MENT 







gm 




74 

Basal 

50 

595 

1% MeOH ext. 

59 

920 

175 

Basal 

56 

770 

1% MeOH ext. 

21 

1080 

177 

Basal 

59 

860 

1% MeOH ext. 

21 

1165 

109 

Basal + 1% 

182 

1170 



.... 


MeOH ext. 






107 

Basal -f 1% 

114 

850 

1 mg folic 




KeOH ext. 



acid ^ 

12 

835 





0.1 mg folic 







acid/100 gm 

42 

775 

134 

Basal 

29 

695 

0.025 ml 

Retieulogen/day ^ 
0.05 ml 

27 

760 





Keticulogen/day 

21 

740 





1% MeOH ext. 

14 

695 





2% MeOH ext. 

63 

1135 

157 

Basal 

63 

810 

0.025 ml 







Reticulogen/ day 

21 

785 





1% MeOH ext. 

77 

1250 

17S 

Basal -h 0.1 

86 

1030 

1 ug Bjs/day * 

5 

910 


rag folic 
acid 



1% MeOH ext. 

6 

970 





1% MeOH ext. 

42 

1215 

142 

Basal + 0-1 

69 

825 

1 Mg Bij/day * 

4 . 

740 


rag folic 
acid -f 4% 
residue 



1% MeOH ext. 

25 

1020 


* Single (lose injected intramuscularly*. 

’Kcfinca liver extract containing 20U.S.P. antipernicious anemia units per milli- 
liter, injected intramuscularly. 

• Given daily by intramuscular injection. 
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. r ^ antagonist of foiie acid (7-methyl 

foke acid) was studied with mink 76, 82 and 112 (fig. 2). 
Three-tenths per cent of the antagonist was added to the 
basal diet supplemented with 0.1 mg fohc acid per 100 gm 
ration. One per cent methanol extract was also added to the 
la ion 0 miiik 76. Immediate loss of body weight occurred 
® 112, and when 1 % methanol extract was 

a e 0 the ration an increase in body weight resulted. The 
lesponse was not complete and a second decline occurred. 



The fohc acid was increased to 0.2 mg per 100 gm ration 
an a secon i esponse was obtained, although the body weight 
am not return to a normal value. No change in body weight 

was 0 seive in mink 76, which received the extract from 
the start. 

« ^I’ked decrease in hemoglobin in animals 82 
• addition of the antagonist. In the former 

Q 7 ^^ 0 / extract resulted in an increase of 

d./gm7o When body weight declined the second time the 
emO (3 o in a so- fell slightly, but rose again when the folic acid 
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content of the ration was increased. In mink 112, howevei*, 
hemoglobin rose spontaneously before the extract was given, 
and the addition of the methanol extract produced no further 
increase. After the folic acid content of the ration was raised, 
the hemoglobin level declined but rose again as body weight 
increased. In the third animal, mink 76, the hemoglobin level 
remained quite normal. 

The folic acid content of the blood, urine and feces of mink 
receiving the basal ration supplemented ^vith either folic 
acid or the methanol extract or both, was determined. The 
assay used was the tuihidimetric method of Luekey, Briggs 
and Elvehjem (’44) mth Streptococcus faecalis (American 
Type Culture Collection No. 8043). Since it had been ob- 
served ® that the incubation of blood with butfer at pH 7 re- 
sulted in an increase of free folic acid as great as that obtained 
when enzyme preparations were added, the former procedure 
was adopted. Accordingly, blood samples were prepared in 
the following manner.^ 

Three or 4 ml oxalated blood obtained by cardiac puncture 
were added to 5 ml pH 7.0 buffer and incubated under toluene 
for 4 hours at 37 °C. A crystal of meta phosphoric acid was 
added and the sample placed in a boiling water bath for three 
minutes. It was then cooled, neutralized, diluted to a suitable 
volume and filtered. 

Twenty-four-hour samples of urine and feces were collected 
by placing the animals in metabolism cages. Food consump- 
tion records were kept. The urine was collected in dark bot- 
tles containing toluene, diluted to a suitable volume and 
filtered for assay. Feces were homogenized and allowed to 
autolyze under toluene 72 hours at 37° C., and then autoclaved 
for 15 minutes at 15 lb. pressure. Folic acid was released 
enzjmiatically by incubating the sample first with a hog pan- 
ci’eas preparation and then with a hog kidney enzyme prepa- 

• Olson, o. E., E. E. C. Eager, R. H. Burris and C. A. Elvehjem, unpublished 
data. 

•This procedure was developed by 0. E. Olson and modified by A. Sreenivasan 
and A. E. Harper at this laboratory. 
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ration. The general procedure of Sreenivasan, Harper and 
Elvehjem (’49) was followed. 

The results of these assays are presented in table 2. The 
addition of 1% methanol extract to the basal ration produced 
the same increase in the folic acid content of blood, urine 
and feces as did supplementing the diet mth 0.1 mg folic 
acid per 100 gm ration. While the methanol extract did not 
increase the blood folic acid of animals receiving 0.1 mg folic 
acid per 100 gm ration, it did produce an increase in the 
uz’ine and fecal levels. 



3 


3.32 1 


4.60 


4.09 


1 
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DISCUSSION 

Since the methanol extract, which contains only 2 lig folic 
acid per milliliter, will replace folic acid in the ration of the 
Tninlr and the fox and reverses the crude folic acid antago- 
nist in the mink, it becomes apparent that the methanol ex- 
tract contains a factor which has a sparing action on folic 
acid. Further support is given this hypothesis by the fact 
that the blood, urine and fecal levels of folic acid increased 
when the methanol extract was added to the ration. 

Our results confirm the obsex’vations of Cartwi’ight et al. 
(’48) and Cunha et al. (’48), with pigs, that antipernicious 
anemia liver extracts fail to replace folic acid. The inactivity 
of these commercial liver extracts and of crystalline Bio indi- 
cates that the methanol extract factor is different from vita- 
man Bio. 

Day and Totter ( ’48) have reported that only small 
amounts of the folic acid fed to monkeys are recovered in 
the urine. A similar observation with respect to pterioc acid 
in humans was made by Franklin, Stokstad and Jukes (’47). 
The results of the folic acid assays in our experiments re- 
veal the same situation applying to the mink. 

The earlier observation that folic acid conjugate (as yeast) 
failed to replace folic acid for the fox has been confirmed by 
the use of the crystalline compound. Since the conjugate was 
injected intravenously, it would appear that the animal is 
incapable of hydrolyzing the heptaglutamate compound and 
that the inactivity is not due merely to lack of absorption of 
a large molecule or lack of hydrolysis within the intestinal 
tract. Preliminary results indicate that pteroyl-triglutamic 
acid is also inactive. 


SUililAEY 

1. A methanol extract of liver contains a factor which has 
a sparing action on the dietary folic acid requirement of the 
mink. 
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2 . The effect obtained with the methanol extract is not 
obtained with vitamin B12 under our experimental conditions. 

3 . Folic acid conjugates are incapable of replacing folic 
acid for the fox. 
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Additional information is needed regarding the iron re- 
quirement of 'svomen. The National Eesearch Council (’48) 
reeonimendatiou for an intake of 12 mg per day was arrived 
at by making an estimate of the requirement and adding an 
amount supplying a factor of safety. There is little likelihood 
that further work will demonstrate that this allowance should 
be raised, but more work needs to be done to test lower levels 
of intake. A study of the iron metabolism of young women 
carried out in this laboratory included, along with an in- 
vestigation of the absorption of iron from beef (Johnston, 
Frenchman and Boroughs, ’48) which has already been re- 
ported, a study of the adequacy of two levels of iron intake. 
One level was much lower than the recommendation of the 
National Eesearch Council, and one approached it. 

EXPERIMENTAL 

Five young women 18 years of age were maintained for 
10 weeks on a controlled diet. The total period was divided 
into a two-week adjustment period and two experimental 
periods each 4 weeks long. During the adjustment period and 
the first experimental period the diet contained 7 mg of iron 
a day, and during the second experimental period it con- 
tained 10.4 mg per day. The basal diet for all 10 weeks was 
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of a dietary pattern considered adequate by nutritionists; it 
included in each day one serving of a flesb food, one egg, one 
quart of milk, two servings of vegetables besides potatoes, 
and two or more servings of fruit. All the bread was made 
from an especially prepared unenricbed flour.^ To avoid a 
' Mgb pbytic acid content tbe diet contained no. whole cereals, 
shelled beans, nuts or cocoa and only one, chocolate flavored 
food a week. The only change made in the diet when the iron 
content ,was increased to 10.4 mg was the addition of two 
100-gm patties of ground beef made up of one-third fat and 
two-thirds lean meat ; one was given in the breakfast and the 
other in the lunch. This resulted in a diet containing meat 
in every meal. 

Composites of food were made each week for the entire 10 
weeks ; composites of stools were made for each week except 
for the two preliminary weeks; composites of urine were 
made for only a 4-day period because the excretion of iron m 
the urine is constant for a given individual and is so small as 
to be of little importance ; composites of the menses were made 
for each period occurring during the 10 weeks. The metho 
of collection, the preparation for analysis and the analyses 
of the foods and stools were described in the previous paper 
(Johnston, Frenchman and Boroughs, ’48). The urines weie 
treated with concentrated HCl and bottled for analysis at a 
later date. The menses were collected on tampon-type pa s 
and the pads were dropped into redistilled water and e 
stand for several hours, after which enough HCl was adde 
to make a final concentration of 10% and the whole heate 
until the pads disintegrated. A correction was made for 
iron content of the pads. The urine and menses were analyze 
in the same way as the foods and stools: they were ashe 
with sulphuric and nitric acids, and iron determined by 
thiocyanate method of Stugart (’31). 

* The flour ^yas especially prepared for this project without enriclunent by 
Pillsbury Xlills, Inc. 
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RESULTS 

Eetentions were calculated by subtracting the iron content 
of the urine and stools from the iron of the foods. Mean iron 
retentions per day for 4 weeks on an intake of approximately 
7 mg of iron were 0.26, 0.43, 0.61, 0.64 and 1.33 mg (table 1) 
for the 5 subjects. After beef was added to raise the intake 
to approximately 10.4 mg, the retentions increased to 1.77, 
1.79, 1.80, 2.37 and 2.53 per day (table 2). 

TABLE 1 


Betentions of iron on an intake of approximately 7 mg a day for 4 weeks 


SUBJECT 

intake 

EXCRETION 

RETENTION 

TTrine 

Feres 


mg/dau 

mgfdajj 

mg/dau 

mg/dau 

A 

6.90 

0.06 

6.20 

0.64 

B 

7.00 

0.06 

6.68 

0.26 

C 

7.08 

0.07 

6.58 

0.43 

D 

6.53 

0.08 

5.84: 

0.61 

E 

7.07 

0.07 

5.67 

1.33 


TABLE 2 

Betentions of iron on an intake of approximately 10 A mg 

a day for 4 weeks 

SUBJECT 

intake 

EXCRETION 

RETENTION 

Urine 

Feres 


mg/dau 

mg/dau 

mg/dau 

mg/ dau 

A 

10.36 

0.06 

8.50 

1.80 

B 

10.41 

0.06 

8.56 

1.79 

C 

10.45 

0.07 

8.01 

2.37 

D 

9.90 

0.08 

7.29 

2.53 

E 

10.45 

0.07 

8.61 

1.77 


Mean losses of iron per menstrual period were calculated 
for each subject from the iron lost during the two or three 
menstrual periods occuring during the 10 weeks ; they rano-ed 
from 10.94 to 20.14 mg (table 3). The mean length of the uTen- 
strual cycle for 4 of the subjects, during the experimental 
period and for a later consecutive three-month period, 
ranged from 26 to 35 days. From the mean cycle length and 
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mean loss per menstrual pex’iod, the amount of iron which 
would have to be retained every day in order to replace the 
losses was calculated. For 4 subjects the values were 0.50, 
0.52, 0.58 and 0.62 mg per day; for the 5th subject, whose 
menstrual cycles were atypical, no calculation was made. 

TABLE 3 


Dail^ retention of iron required to replace menstrual losses 


SUBJECT 

IRON LOST IN 

MENSTRUAL PERIODS 

I II III 

MEAN LOSS 
PER PERIOD 

MEAN 

OYGLE 

LENGTH 

daily RE- 
TENTION TO 
COV’ER LOSS 


mff 

mg 

mg 

mg 

dags 

mg 

A 

16.15 

18.16 


17.15 

34 

0.50 

B 

17.02 

17.78 


17.40 

28 

0.63 

C 

13.97 

16.43 

10.27 

13.59 

26 

0.52 

D 

21.06 

10.27' 

28.08 

20.14 

35 

0.58 

E 

10.94 



10.94 = 


_ 


^ Subject D reported short periods with small loss similar to period H about 
t^vice a year. Her mean loss per period calculated on a yearly basis would, there- 
fore, be greater than 20.14 mg. 

In the case of subject E, only one period occurred during the study. Since the 
intervals between periods were atypical, the daily retentions required to cover 
her losses were not calculated. 


DISCUSSION 

Before deciding whether or not the I’etentions of the sub- 
jects were enough to cover their needs, possibilities of 
loss from the body other than in the menses must be taken 
into consideration. A complete collection of all the menstrual 
loss is almost impossible for every pexdod even with the most 
meticulous care and with the use of the tampomtype pad. 
iion content of the uncollected menses, however, falls witbiu 
the experimental error. A small amount of iron is lost in 
hair and skin cells. In short, there are slight iron losses us- 
ually not accounted for in balance experiments, each loss 
small enough in itself to he within expei'imental error, yot 
when they are added together the total may be large enough 
to increase significantly the amount of iron which must be 
retained. 
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The adequacy of the 7-mg- intake is questionable. The daily 
iron retentions (table 1) of subjects A, D and C were almost 
exactly the same as the amount needed to replace the loss 
in the menses (table 3) ; subject B retained less than was lost; 
and subject E retained so much that the retentions were al- 
most sure to cover the losses although the losses were not 
calculated on a daily basis. If the accumulation of small losses 
in the uncollected menses, perspix*ation, hair and skin cells 
is taken into account, the retentions of these subjects, with 
the probable exception of subject E, were too near the bor- 
derline for safety. 

The adequacy of the 10.4-mg intake cannot be questioned. 
The retentions were more than adequate to cover the men- 
strual and other small losses. The diet, however, was unusual 
in that it contained meat in eveiy meal. 

In order to assess the adequacy for women in the popula- 
tion as a whole of retentions of the sizes found on the two 
levels of intake used in this study, the most important factor 
to consider is the magnitude of the iron losses in the menses. 
After a literature survey. Frenchman and Johnston (’49) re- 
ported that the iron losses in the menses of 184 women had 
been investigated. The amount of iron needed every day of 
the year to replace the losses ranged from 0.08 to 2.6 mg (one 
abnormally high value was omitted). For 142 women the 
range was from 0.21 to 1.21 mg per day; that is, the require- 
ment of iron to replace menstrual losses is 6 times as great 
for some women as for others. For 56% of the 184 women the 
mean daily retention of iron needed to replace the loss in- 
curred during the few days of the menstrual period was more 
than 1 mg per day. Thus, the retention of 4 mg per day 
found on the T-mg intake in the present study was not only too 
near the borderline for these subjects but it was, also, too 
small an amount to satisfy the needs of 56% of the 184 women 
studied by others. A retention high enough to cover the needs 
of 98 or 99% of all 184 women would be so high that extra- 
ordinary diets would have to be employed to supply it. To 
set that high a retention as necessary for all women would 
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be unwise, because most women would not need so muck A 
study of the frequency distribution of cases for each 0.1 mg of 
retention showed that beyond 1.2 mg the number of cases in 
each group was few. A retention of 1.2 mg, therefore, was 
taken as a practical amount to x’equire for all women, althougli 
it covered the needs of only 86% of the 184 women studied. 
In the present study retentions on the 10.4-mg intake were 
large enough to more than satisfy such a requirement. 

Women whose iron losses are great may absorb a higher 
percentage from food than other women and consequently not 
need a proportionately higher intake. That the ‘^need^^ of the 
individual influences absorption to some degi’ee under some 
conditions is probable, but no study has as yet been made to 
show whether or not large losses of iron in menses affect the 
percentage of absorption. 

The possibility that the young women subjects of the pres- 
ent study might have been gromng at a very slow rate and, 
therefore, absorbing more iron than older women must be 
considered. If a growth effect existed, however, it could not 
have been large. The possibility that these young women were 
absorbing more iron than men should be considered, also. 
Widdowson and McCance (^42) found an average absorption 
of 7.3% for 4 men and 12.5% for 4 women. The same authors 
(48) demonstrated that female rats during the reproductive 
period stored more iron in their livers than male rats. 

The question arises of whether or not the mean loss of 
^PP^'oximately ^ mg of iron per day in the menses for the 
subjects of this study during the 10-week period would be 
similar to the mean for an extended period of a year or more. 
The review of the literature showed that the loss from 
riod to period varies considerably for a given individual and 
that figures for at least 4, and possibly more, periods are 
necessary to arrive at an accurate evaluation of losses over 
an extended peidod of time. Since the mean losses for the 
subjects in the present study were based on only two or three 
menstrual periods, the values may not correspond exactly te 
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the mean for a year but could not be expected to vaiy unduly 
from that figure. 

Several studies of iron I'etentions by women on intakes of 
7 mg or less have been made. In some of them unusual com- 
binations of foods were used and no retention of iron was 
found. On the other hand, in a study by Leverton ( ’41) in 
which the diet employed was unusual in that it contained 
large amounts of beef, the retentions were very large. Only 
' one balance experiment at the 7-mg level has been carried 
out in recent years ^vith women on diets customarily eaten by 
groups of the population. In that one (Leverton and Marsh, 
’42) the subjects were maintained on their usual self-chosen 
diets. The mean retention for 15 young women on an average 
intake of 7.16 mg per day was 0.41 mg, a retention similar 
to that found in this study. 

Several investigations have been made recently with women 
on iron intakes in the neighborhood of 10 to 11 mg per day. 
Leverton and Roberts (’37), working with 4 subjects on cus- 
tomary diets containing 10.0, 10.7, 11.9, and 11.9 ” mg of iron, 
found retentions of 0.71, — 0.20, 1.48 and 1.07, respectively. 
Leverton and Marsh (’42) found that 31 subjects on an intake 
of 8.00 to 9.99 mg retained an average of 0.96 mg, and 31 other 
subjects on an intake of 10.00 to 11.99 mg retained an average 
of 1.34 mg. Widdowson and McCance (’42) reported that 4 
subjects on an average intake of 12.5 mg retained 1.8 mg. 
The indication is that 10 to 11 mg of iron a day may be enough 
to obtain a retention of 1.2 mg. Such a retention might be ex- 
pected to cover the needs of women living on diets customary 
in this country. That 10 to 11 mg of iron a day may be more 
than is needed on certain unusual diets was found in the pres- 
ent study, in which retentions were more than adequate when 
beef was included in eveiy meal. On the other hand, 10 to 11 
mg may be insufficient when certain other combinations of 
food are used ; Widdowson and McCance (’42), with 4 women 

’ The .iverage values for this subject are different from those reported bv the 
.-uithors bec.'iuse a period when ferric ammonium citrate %vas administered has 
bocn omitted. 
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on a diet containing 21.1 mg (far more than 10 to 11 mg) 
with 40 to 50% of the calories derived from brown bvead, 
found an average retention of only 0.2 mg per day. More 
studies using typical diets with an iron content of 10 to 11 mg 
need to be made. 

In the light of the results of this study and a review of 
the literature, the allowance of 12 mg of iron a day recom- 
mended by the National Eesearch Council, seems to be satis- 
factory for women on diets which do not contain large 
amounts of foods that inhibit iron absorption. That a few 
women may need more and many do not need that much, must 
be recognized. Further work may demonstrate that the allow- 
ance can safely be dropped a little. 

SUMMAEY 

Five women 18 years of age were maintained for 10 weeks 
on a controlled diet. The total period was divided into a two- 
week adjustment period and two 4- week experimental periods. 
During the first experimental period the diet contained 7 mg 
of iron a day and during the second period sufficient beef was 
added to raise the intake to 10.4 mg. 

On the intake containing approximately 7 mg of ii'o^ ® 
day, retentions for the 5 subjects were 0.26, 0.43, 0.61, 0.64 an 
1.33 mg per day. The amount of iron needed per day to replace 
menstrual losses for 4 subjects was 0.62, 0.52, 0.58 and 0.50 
mg; no value is reported for the fourth subject because the 
menstrual cycles were atypical. The retentions for three sub- 
jects were approximately the same as the amount needed to 
replace menstrual losses, and for one subject were less than 
the amount needed. The retentions were too low for safety 
because even in the three eases where retentions corres- 
ponded to menstrual losses no margin existed to care for 
small losses not usually included in balance experiments. 

On the intake of approximately 10.4 mg of iron, retentions 
for the 5 subjects were 1.77, 1.79, 1.80, 2.37 and 2.53 mg 
day. These retentions were more than adequate to satisfy 
the needs of the subjects. It should be noted that these high 
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retentions were obtained on a diet containing beef in eveiy 
meal. 
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During the months of February and ^larch great shoals 
of cod visit the banks off the Norwegian coast for spawn- 
ing, and the most extensive cod fishing of Norway takes place 
during this time. 

The most important by-products of these fish are the cod 
liver and roe, which amount to several thousand tons a year 
each. The mean value of the catch from the years 1930-1944 
was 13,000 tons of cod liver and 6,000 tons of cod roe, as re- 
ported by the Director of Norwegian Fisheries (’44). 

The main part of the cod liver is used for the production 
of cod liver oil. A minor amount of the liver, however, has 
in recent years been used for the manufacture of canned 
pastes, often in combination with cod roe. 

The roe is used in the fresh state as a valuable food by the 
people in coast regions. It is also canned. The main part, how- 
ever, was formerly salted (cured) and exported to France 
and Portugal, where it was used as bait by the sardine fish- 
eries. 

The manufacture of canned cod liver-cod roe pastes has 
steadily increased in the last few years, and its product is 
now becoming of some importance for the Norwegian can- 
ning industry. 


-189 
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Cod liver lias for a long time been the chief natural source 
of vitamins A and D as a supplement to common foods. Fur- 
ther investigations have shown that it also contains other 
vitamins and valuable proteins. 

Investigations of cod roe reveal that it contains appreci- 
able amounts of vitamins of the B group, proteins of high 
biological value, and also other substances of biological signi- 
ficance. 

During the past few years much research work has heeii 
done in this institute to investigate the nutritive value of 
cod roe and cod liver. This paper summaiizes previous 
studies and gives results of new investigations, especially 
concerning the biological value of the proteins. 

The main constituents of the roe and liver are given in 
table 1, in terms of average values resulting from several 
analyses. 

TABLE 1 


The composition of cod 

roe and cod liver 



CONSTITUENTS 

COD ROE 

coo LIVES 


% 

9o 

Water 

71.0 

27.0 

Protein 

23.5 

7.0 

Pat 

1.3 

65.0 

Phospholipids 

2.6 

1.0 

Ash 

1.5 




RESULTS AND DISCUSSION 


The B vitamins of cod roe and cod liver 

Thiamine (vita/}nin Bi). The thiamine content of fish and 
fish products has been determined by Lunde, Kringstad and 
Olsen (’38), biologically by the bradicardya method as we 
as chemically by the thiochrome method. The values vary 
considerably accoi-ding to the condition of the roe. At the 
time of spawning the water content of the roe increases, ana 
the effect seems to be that of dilution; the vitamin content 
calculated on the whole roe, however, is likely to remain fairly 
constant. The thiamine content of different samples of roe 
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in different seasons was found to range between 6 and 12 ng 
per gram. In several samples of fresb cod liver investigated, 
the thiamine content ranged between 2.5 and 3.5 pg per gram. 

Riboflavin (vitamin B^). Eiboflavin is present in consider- 
able amounts in cod I’oe and' cod liver as compared with other 
foodstuffs. Determinations of this vitamin were carried out 
biologically by the growth method and by a chemical method 
worked out in this laboratory by Lunde, Kringstad and Olsen 
(’39). The latter is based upon measurement of the color, 
before and after reduction of the riboflavin to the leukobase, 
in the Pulfrich photometer using filter S45. Before a reading 
can be made, the extract must of course be subjected to sev- 
eral purification steps, including adsorption of the vitamin 
on Fuller’s earth. The riboflavin content was determined in 
several samples and found to range between 6 and 15 pg per 
gram of roe. In fresh cod liver the riboflavin content varied 
from 5 pg to 10 pg per gram. 

Nicotinic acid (niacin, P~P factor). This vitamin was de- 
termined chemically according to the method of Kringstad 
and Naess (’39). As compared with other sources, the cod 
roe and liver contain but small amounts of nicotinic acid 
(amide). Values between 10 and 25 pg per gram were found. 

Pantothenic acid. In some samples of canned roe the panto- 
thenic acid was determined mierobiologically by the method 
of Kringstad and Folkvord (’45), using Streptohacterium 
plantarum as the test organism. The test was carried out ac- 
cording to the compensation method developed by Nielsen, 
Ilartelius and Johansen ( ’43) and modified by Kringstad and 
Pollcvord ( ’45). This method has the advantage of taking into 
consideration unknowm factors in the test solution which 
might have an influence on the growth of the test organism. 

P-aniinohenzoic acid. Para-aminobenzoic acid was deter- 
mined chemically according to the method of Schmidt and 
Kolbl (’44). The 2>aminobenzoic acid is diazotized and coupled 
with a-napthol and the resulting color measured. Tests ^vith 
Imo-wn amounts of 2>-aminobenzoic acid showed fairly good 
results, the error not exceeding 7% of the added amounts. 
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The concentration of pantothenic acid and p-aminobeii 2 oic 
acid in canned roe, including that which is dissolved in tlie 
added brine, is given in table 2 (Kringstad and Folkvord, ’45). 

Other vitamins of the B complex. Although no detemina- 
tions of the other members of the B complex have been carried 
out, it is evident from animal experiments that cod roe and 
liver are good sources of these vitamins. This was reported 
by Lunde and Kringstad (’38) and Kringstad and Lunde 
(’40), who performed growth experiments on rats and foxes, 
which were placed on a synthetic diet deprived of all B vita- 
mins and their gTOwth restored when small amounts of cod 
roe extract were added. The same g-rowth-restoring effect was 


TABLE 2 

The pantothenic acid and p-aniinobenzoio acid content of cod roe 

P-AMINOBEliZOIC 

acid per 100 an 

OF DRY MATTER 


1 1945 

2 1945 

3 1944 

4 1940 

0 1931 


mg 

10.9 

12.6 

12.6 

12.6 

11.6 


mg 

1.16 

1.02 

0.50 

0.47 

0.53 


d-pantothenic 
ACID PER 100 QS£ 
OP DRY MATTER 


SAMPLE NO. 


YEAR 

PRODtJOED 


also obtained by these workers with the addition of defatted 
cod liver. 

In experiments on foxes Ender and Helgebostad ( ’47) 
recently found that on feeding stockfish a poor quality o 
fur resulted. By replacing some of the stockfish with co 
I'oe, and to a minor extent with whole meal, a normal in 
was developed. They ascribe this etfect to a factor wbic 
protects the animals against greying (achromotrichia) an 
which is present in cod roe. 

Vitamin C. Through chemical and biological analyses tie 
presence of vitamin C in cod roe was determined by Matbiesen 
(’38). The values ranged between 0.2 and 0.4 mg per graffl^ 
When calculated on whole roe, the vitamin C content was fonn 
to be fairly constant, about 50 mg per gram. 
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The fat soliihle vitamins of cod roe and cod liver 

Vitamin A. The vitamin A content was investigated in some 
samples of fresh roe by the Carr-Priee method. By saponi- 
fication and isolation of the unsaponifiable matter, a greenish 
color developed when the SbCls-reagent was added to con- 
centrated solutions in chlorofoi’m. The color seemed to be 
somewhat irregular as compared Avith that of pure vitamin 
A, and probably is due chiefly to other substances present. At 
any rate, the vitamin A content of roe must be regarded as 
negligible. 

The mean value of vitamin A in cod liver found by speetro- 
gi-aphieal, biological and colorimetrical analyses is 600 I.TJ. 
per gram. 

TABLE 3 


Tlie vitamin D content of fresh and canned cod roe and cod liver 


SAMPLE NO. 

MATERIAL 

STUDIED 

'I’lTAJaN D 

PER 100 GM 

1 

Fresh roe 

GO 

2 

Fresh roe 

65 

3 

Canned roe 

80 

4 

Canned roe 

80 

5 

Fresh liver 

6,000 

6 

Canned liver 

6,000 


Vitamin D. Our determinations of vitamin D were per- 
formed on representative samples of fresh and canned cod 
roe and liver by the usual X-ray method. The values found 
are given in table 3. 

Vitamin E. Vitamin E Avas determined by the authors ac- 
cording to the method of Emmerie and Engel ( ’38, ’39) as mod- 
ified by Kjolhede ( ’43) . A weighed sample of the homogenized 
roe Avas saponified in an atmosphere of nitrogen and then ex- 
tiacted by ethyl ether. After removal of the ether in a vacuum, 
the unsaponifiable matter Avas dissolved in petrol ether and 
filtered through a column of Puller’s earth to remove vita- 
min A and other substances A\diich might interfere with the 
reagent. 
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The values for vitamin E calculated from these measure- 
ments were astonishingly high. When calculated on the basis 
of dry matter, cod roe contains nearly as much of this vita- 
min as the amount usually found in wheat germ meal. 

As these results are based only on the chemical method of 
determination, they have to be verified by further experi- 
ments, especially through concentration by molecular distilla- 
tion. 

It is interesting in this connection to note that we have 
not found noticeable amounts of vitamin E in cod iiver, nor 
in any other fish products except cod roe. 

TABLE 4 


The vitmiin JS content of fresh and canned cod roe 


SAMPLE NO. 

MATERIAL 

STUDIED 

VITAMIN E 

PER 100 GM 

1 

Fresh roe 

mg 

0.25 

2 

Fresh roe 

7.60 

3 

Canned roe 

5.85 

4 

Canned roe 

7.70 


The phospholipids of cod roe 

The relatively high content of phospholipids found in cod 
roe is interesting, and we have therefore investigated this 
fraction to determine the content of the different phospho- 
lipids. 

Extraction. Several methods of extracting the total phospho- 
lipids from the roe were investigated. The method of Schramnie 
(’39) -was found to be the most reliable and this method was 
therefore used. 

The roe was ground mth dry Na.SOi and sand in a mor- 
tar and extracted with benzene-alcohol 80 : 20 on the water- 
bath in a Soxleth apparatus for 5 hours. The solution was 
evaporated to dryness in a vacuum and the phospholipids dis- 
solved in dry ether. 

Total phospholipids. This detei’mination was carried aat 
according to the method of Thaler and Just (’44). 
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An aliquot of the ether solution of the phospholipids was 
placed, together with 2.5 gm MgO p.a., in a platinum crucihle. 
The ether was evaporated on a water-bath and the organic 
matter decomposed by combustion with the MgO at 800° C. 

After cooling, the content of the crucible was dissolved 
in HNOs-HnSO^ and the phosphorus precipitated -ivith ammo- 
nium-molybdate as usual. From the found phosphorus the 
phospholipids are calculated by the conversion factor 25.45, 
corresponding to a stearo-oleo-lecithin with molecular weight 
of 788 and containing 3.929% phosphorus. 

Lecithin -(- sphingomyelin. The method used for this de- 
termination was that of Thannhauser, Benotti and Eeinstein 
(’39). The choline, which is liberated by hydrolysis of the 


TABLE 5 

The phospholipids of cod roe 


PHOSPHOLIPID 

SAMPLE 1 

SAMPLE 2 


% 

% 

Phospholipid content of roe 

2.66 

2.70 

Sphingomyelin content of total phospholipids 

42.6 

45.2 

Lecithin content of total phospholipids 

45.6 

45.0 

Cephalin content of total phospholipids 

11.8 

9.8 


phospholipids with methyl alcoholic HCl, is precipitated by 
Reinecke salt. The precipitate is washed with chloroform, 
alcohol and ether and then dissolved in acetone. The resulting 
color is measured in the Zeiss Stepphotometer using the filter 
S53. Prom a calibration curve with known amounts of choline- 
reineckate the content of lecithin -f- sphingomyelin is found 
by multiplying by the factor 1.92. 

Sphingomyelin. This determination was carried out accoi’d- 
ing to the method of Thannhauser and Setz (’36), by pre- 
cipitating the sphingomyelin as reineckate. The weight of 
sphingomyelin-reineckate multiplied by 0.788 gives the Aveight 
of sphingomyelin. 

Cephalin [= total phospholipids — (lecithin -f sphingomye- 
lin)']. Table 5 gives the results of the phospholipid deter- 
minations of tw'o samples of cod roe. 
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The digestibility and biological value of cod roe 
and cod liver groteins 

The main constituent of cod roe is protein, -whicli, on an 
average, amounts to 23.5% of the fresh roe, or 81% as calcu- 
lated on the basis of diy matter. The eggs of the roe serve 
as a nutrient source for the developing organism, and 
it is therefore to be expected that the proteins have a bigli 
biological value and probably contain all essential amino 
acids. Although fat is the chief component of the cod liver 
and the protein only amounts to 7%, it is of importance to 
ascertain whether this protein is of any biological significance. 

The method used in these investigations was essentially 
that of Mitchell (’24), with slight modifications. It has been 
shown by Boas Fixsen (’30) that vitamins of the B gi’onp 
are of importance in determining the biological value of pro- 
teins by animal experiments. Through lack of B factois, 
especially Bi, loss of appetite causes a decrease in food con- 
sumption, which results in a low caloric value for the food 
consumed. Hence the biological value of the proteins ■will be 
found to be too low. 

In our experiments adult rats, with a weight of HO 
230 gm for males and 160 to 185 gm for females, were used. 
The animals Avere placed in separate cages provided with a 
screen bottom, arranged on a funnel in such a way that feces 
and urine could be collected separately. 

The composition of the basal nitrogen-free diet used is 
given in table 6. In addition, the animals received 20 ug thia 
mine, 20 pg riboflavin, 20 pg pyi-idoxine, 20 pg p-aminobeiizoic 
acid, 100 pg nicotinic acid, and 300 pg Ca-pantothenate. These 
B factors were given oi’ally (in water solution) from a cah 
rated pipette daily. 

The nitrogen-free diet was fed for an 8-day period and 
feces and urine were collected for the last 5 days. In ordei 
to prevent losses of volatile nitrogen compounds during stoi- 
age, due to decomposition, the feces were placed in concen- 
trated sulphuric acid. To the urine-collecting ''' 
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milliliters of 50% acetic acid were added, and the funnel 
and bottom screen of the cages were washed with diluted ace- 
tic acid. The urine was stored under toluene in a refrigera- 
tor. 

During a following period of 8 days a diet contaning 8% 
of the protein to be tested was fed. The food was given ad 
libitum and the food consumed recorded each day. Feces and 
urine were collected as described above. 

The total feces and urine excreted by each rat during the 
5-day period were digested according to Kjeldahl, and finally 
diluted with water to a desired volume. Aliquots of these 
solutions were used for nitrogen determinations according to 
the semimicro-Kjeldahl method. 


TABLE 6 

Composition of nitrogen- free diet used 



AMOUNT 


% 

Potato starch 

78.2 

Sucrose 

6.0 

Arachis oil 

8.0 

Cod liver oil 

2.0 

Salt mixture (McCollum) 

5.0 

Calcium carbonate 

0.8 


The nitrogen content of the basal diet was negligible, and 
the nitrogen excreted during feeding on this diet is therefore 
assumed to be endogenous nitrogen. 

Experiments were carried out on fresh, canned and dried 
cod roe, and on samples of defatted fresh and canned cod 
liver. For comparison, tests were also carried out on commer- 
cial casein. 

The digestibility of the proteins was calculated according 
to the following formula: 

■n -t nn _ N i n take — (X in feces — X in feces endogenous) 

XJ iUU. X intake — 

The biological value was calculated according to Mitchell’s 
formula, namely: 

BV == 100 ah<;orbed — (X in urine — ■ X in urine en do geno us) 

X absorbed 
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absorbed was calculated according to the expression: 

N absorbed — N intake — (N in feces — N in feces endogenous). 

It is obvious tbat the excretion of endogenous nitrogen is 
subject to variations which may influence the results to a 
noticeable degree. In oi’der to get as reliable values as pos- 
sible, both fecal and urinary endogenous nitrogen were deter- 
mined for each animal before and after each test period. 

In table 7 the digestibility and biological values of differ- 
ent samples of cod roe and of defatted fresh and canned cod 
liver are given. The results of a test on a commei’cial dried 
casein are also included. 


TABLE 7 

Digestibility and biological -valu^ of cod roe and cod liver proteins 
(The values are given as meayis of 10 rats.) 



raESH 

aoE 

CANNED 

KOE 

DBIED 

BOE 

raESH 

LIVEa 

CANNED cASEI}! 

LIVED 

Digestibility 

81.3 

80.8 

79.2 

68.7 

70.5 

81.4 

Standard deviation 
of the means 

1,26 

1.35 

0.78 

1.19 

1.39 

1.22 

Biological value 

S8A 

87.6 

88.2 

76.4 

77.7 

78.8 

Standard deviation 
of the means 

0.71 

0.92 

0.40 

0.90 

0.70 1-26 


Growth experiments on rats ivitJi cod roe 
as protein source 

In confirmation of the results obtained in the metabolic 
periments, and especially to discover whether the proteins 
contain all essential amino acids, growth experiments with 
cod roe as the sole protein source were performed. 

The composition of the basal diet was the same as that de^ 
scribed ^ above, except that the potato starch was replaced 
by piuified rice starch. The ingTedients wei’e mixed 
the test material to make a protein content of 14% as cal- 
culated on dry matter. No synthetic B vitamins were added 
in these experiments, since the roe has been shown to be a 
good soui’ce of growth factors of the B complex. 
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Eats with a weight of 50 to 60 gua, 4 males and 4 females, 
were used in each test. The diet was given ad libitum and the 
food consumed determined weekly. The experiment lasted 
for 7 weeks. In table 8 the values are given as means for 
two rats (placed in each cage) per week. As will be seen, the 
average weight increase for the animals on fresh cod roe 
was 118 gm for males and 102 gm for females. The corres- 
ponding values for rats on canned roe were 86 and 84, re- 
spectively. The rats in the last group did not take the food 
as well as those on the fresh roe, and the food consumption 


TABLE 8 

Growth ewperiinent with fresh and canned cod roe 
(Duration 7 weeks) 


DIET 

XXJMBEn 

OP EATS 

SEX 

total 

rooD 

INTAKE 

TOTAL 

PSOTEIK 

INTAKE 

TOTAL 

WEIGHT 

INCEEASE 

PBOTEIN 

EFSTCIENCT 

EATIO 




gm 

gm 

gm 


Presh 

4 

2 

1,351 

1S9 

407 

2.15 

cod roe 

4 

<3 

1,562 

218 

471 

2.16 

Canned 

4 

2 

1,171 

164 

336 

2.05 

cod roe 

4 

3 

1,210 

169 

344 

2.03 


of these animals was somewhat lower. The lesser weight in- 
crease of the animals on canned roe can therefore not he 
taken as an indication of the lack of some nutritive factor. 
When the weight increase is calculated per gram of protein 
consumed, the values for canned roe are only slightly lower 
than those for fresh, being 2.04 and 2.16, respectively. 

Finally, an experiment mth canned cod roe as the only nu- 
trient source Avas carried out, 4 male rats ivith a weight of about 
60 gm being fed canned cod roe for three weeks. The animals 
took the food well and shoAved excellent groivth response 
during the AV'hole period. The groAvth curves are shoAvn in 
figure 1. 
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Figure 1 


SUmiARY 


In earlier studies it was found by extensive investiga- 
tions that cod roe and cod liver are valuable sources of 
vitamins of the B complex. Cod roe especially was. found to 
be ricb in B vitamins, and to contain also appreciable amounts 
of vitamin C. The high content of vitamin A and D 
liver is well known and has been appreciated for years. In 
the present paper new data from further investigations of 


the nutritive value of cod roe and cod liver are given. 

Only traces — if any — of vitamin A were found (Caii' 
Price reaction) in cod roe. The vitamin D content amounted 
to about 80 I.XI. on the average per 100 gm. The colorimetiic 
determination, made according to the method of Bmmerie 
and Engel (^38, ’39), gave evidence of the presence of con- 
siderable amounts of vitamin E. Calculated on diy matter, 
the vitamin E content in roe is nearly as high as in wheat 
germ meal. 

The phospholipid content of cod roe was found to be 
2.70%, and the phospholipids sho^vn to consist of 45% lecithin, 
44% sphingomyelin and 11% cephalin. 
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Investigations of the nnti’itive value of cod roe proteins 
were carried out, and gave results of 81^ digestibility and 
88% biological value. No significant differences among fresh, 
canned and dried roe were found. For comparison, the same 
experiments were performed with casein. The results showed 
that the biological value of cod roe proteins is considerably 
higher than that of casein. The proteins of defatted fresh 
and canned cod liver were also investigated in the same way, 
and gave values of 69% for digestibility and 77% for biolog- 
ical value. No noticeable difference was found between fresh 
and canned cod liver with respect to digestibility and biolog- 
ical value of the proteins. 

Growth experiments on rats fed cod roe proteins indi- 
cated the presence in the proteins of all essential amino acids. 

CONCLUSIONS 

Cod roe as well as cod liver has been shown to be a good 
source for substances of biological significance. Cod roe is 
valued chiefly owing to its high content of B vitamins and 
first-grade proteins. Cod liver is valued mainly because of 
its high content of fat, the fat soluble vitamins A and D, and 
B vitamins. 
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CONCENTEATIONS OF VAEIOUS CONSTITUENTS 
IN BLOOD OP DAIEY COWS DUEING STAGES 
OF TEEMINAL GESTATION AND 
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The importance of tocopherols (vitamin E) in animal nutri- 
tion suggested a study of this nutriment in the parturient 
dairy cow. Although considerable information on the func- 
tion of this vitamin in laboratory animals is available, similar 
reports on dairy cattle are few. Eecent studies have indicated 
that deficiencies of tocopherols may result in cardiac dis- 
orders (Gullickson and Calverley, ’46). According to Harris 
et al. (’47), dietary supplementation of a typical hei-d ration 
with tocopherols during lactation improved the general health 
of cows and increased the fat content of milk and yield of 
“4% milk,” but these observations have not been substan- 
tiated (Pountaine and Parrish, ’48; Gullickson et ah, ’48; 
Phillips et al., ’48; Wliiting et al., ’49). Supplementation of 

'Contribution No. 386, Department of Chemistry, and No. 185, Department of 
Dairy Husbandry. Presented at the fifteenth Midwest Regional Meeting of the 
American Chemical Society, Kansas City, Missouri, June 23-25, 1947. 

* Portion of a thesis presented by C. E. Latschar in partial fulfillment of the 
requirements for the degree of Master of Science in Chemistry, Kansas State 
College, 1947. Present address: Department of Chemistry, University of Wiscon- 
sin, Madison. 

'Present address: Department of Animal Industry, North Carolina State 
College, Raleigh. 


503 



504 


LATSCHAR, WISE, PARRISH AND HUGHES 


rations of dairy cows during the terminal stages of gestation 
augmented the secretion of tocopherols in colostrum and early 
millc (Parrish et ah, ’47). 

The investigation reported herein was designed primarily 
to gain additional information on the role of tocopherols in 
dairy cattle by determinations of changes in the concentration 
of this vitamin in the blood serum during stages of terminal 
gestation and initial lactation of animals fed typical barn ra- 
tions, unsupplemented or supplemented. 


PROCEDURES 

Grouping, feeding and management 
of experimental animals 

Pertinent facts concerning the grouping of the experi- 
mental heifers and cows and the duration and levels of vita- 
min supplementation for each group are presented in table 1. 
Vitamin A supplementation during the two weeks preceding 
the scheduled date of parturition was doubled, since investi- 
gations of Sutton et al. (’45) revealed a marked tendency for 
concentrations of this vitamin in blood to decrease during 
this stage of pregnancy. When tocopherols were administered 
with vitamin A, the ratio of the two vitamins was uniform 
throughout the trial. All tocopherols used were in the free, 
unesterified form. Further details of the feeding and manage- 
ment of the experimental animals have been reported by 
rish et al. (’47). 


Collection and preservation of hlood samples 

Samples of venous blood for analysis were obtained from 
the various groups of cows at the prepartal stages indicated 
in table 2 and from all groups immediately after parturition 
(0-6 hours) and also one, two, three, 7, 14, 27 and 28 days 
later. Collections were made from 14 to 16 hours following 
daily administration of vitamin supplements. After the blood 
had clotted, serum was obtained by centrifugation. Wlmn 
immediate analysis was not possible, the serum was stored m 
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tightly closed bottles protected from light and refrigerated at 

4° a 

Analytical ‘procedures 

The analytical method used was the Quaife and Biehler 
(’45) modification of the Quaife and Harris (’44) procedure, 
except as follows : Bemoval of Skelly-solve B to obtain the 
lipid residue containing tocopberols was accomplished by 

TABLE 1 


Schedule of daily mpplementatiou of diets of pregnant heifers and cows 
(The a -7 tocopberols were either 50 or 90% 7 form) 



SUB' 

NUMBBB 

DAYS PKBVIOUS TO DATE OP ESTECTED PABTUBITlON 


GKO UP 

ANIiTAUS 

28 14 

13 — 0^ 


a 

5 

No supplement 

No supplement 

I 

b 

8 

500,000 1.U. vit. A alcohol 

1 , 000 , 000 1.U. vit. A alcohol 


e 

6 

500,000 1.U. vit. A ester 

1,000,000 LIT. vit. A ester 

II 

— 

6 

500,000 1.U, vit. A alcohol 
aiid 0.5 gm a- 7 tocoph- 
ei'ol 

1,000,0001.17. vit. A alcohol 
and 1 gm a -7 tocopherol 


a 

3 

10 gm mixed tocopherol 

10 gm mixed tocopherol 

III 

b 

1 

0 . 5 gm a -7 tocopherol 

1 gm a -7 tocopherol 

c 

1 

4 gm mixed tocopherol 

4 gm mixed tocopherol 


d 

1 

5 gna tt - 7 tocopherol 

5 gm a — 7 tocopherol 

VT* 


1 

No supplement 

No supplement 


'Vitamin supplementation discontinued at parturition. 
’Cow milked through gestation, without a dry period. 


evaporation under suction, using a water bath at 50° to 60° C. 
for heating. The hydrogenated extract rvas warmed in a 
water bath at 35 °C. prior to the addition of the analytical 
reagents. A Coleman spectrophotometer with a special cell 
holder that accommodated 7" X 1" matched absorption tubes 
was used in the assay. Photometric readings were made at a 
wavelength setting of 520 mp. The instrument was calibrated 
using pure natural a-tocopherol.^ 

‘ SuppHoiI by JI. L. Quaife, Distillation Products, Inc., Rochester, N. T. 
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Method of adjusting analytical data 

Attempts were made to obtain prepartal blood samples at 
intervals that would represent not only definite periods of 
vitamin supplementation (table 1) but also specific stages m 
the terminal stages of gestation (table 2), both of which af- 
fect tocopherol concentration in the serum. Since parturition 
frequently did not occur on the anticipated date, in several 
instances the first 4 prepartal samples collected according to 
the outlined schedule of supplementation did not correspond 

TABLE 2 

Prepartal stages^ at which hlood samples were scheduled to he collected from 
experimental cowSj compared with times of actual collection 

ACTUAL COLLECTION 

SCHEDULED (Averages and ranges) 

COLLECTION — Z — TT 

Group I Group II Group HI Group H 


35" 

38 (51-25) 

44 (58-35) 

42 (49-35) 


31 (41-18) 

32 (50-21) 

34 (37-28) 

U" 

16 (27-9) 

19 (38-8) 

IS (26-14) 

7 

8 (11-6) 

8 (1^5) 

8 (11-7) 

3 

3 

3 

3 

1 

1 

1 

1 


^ Start of trials, a pre-supplementatiou period. 

“ Immediately prior to start of supplementation of cows that received vitaiHins. 

* Immediately prior to increase of supplementation of cows that had levels of 
vitamin intake changed. 

to the expected g’estational stage. When this occurred, ad- 
justments were made in the data from individual cows so 
that averages could be computed on a period basis. Intei- 
polations from graphs representing’ the data from the coi'S 
were employed in those eases in which the time of blood col- 
lection did not correspond to the scheduled periods. The data, 
actual or interpolated wdien necessary, were averaged hy 
dietary groups (tables 3 and 4). 

When the data were examined with respect to breed and 
number of lactation periods, no consistent differences at- 
tributable to either of these two factors w^ere found; hence 
they were disregarded in the computation of means. 
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RESULTS 

Trends of tocopherol levels in blood serum of coios 
that received no tocopherol supplements 
Cows directly off pasture frequently had high levels of 
blood serum toeopherols. Typical of these high values, ex- 
pressed as tig per 100 ml, are 1,473, 898, 873, 737 and 724. 
The levels of serum toeopherols for other cows in correspond- 
ing stages of pregnancy that received only barn rations for 
the preceding two to 8 weeks were never more than 450 ng. 

As parturition approached, a dovmward trend was ex- 
hibited in the tocopherol concentrations in blood serum of 
cows receiving no supplemental toeopherols (group I, table 
3), the rate of decrease generally becoming more pronounced 
during the days immediately before parturition. The mini- 
mum values usually occurred on the second or thii’d day post 
■partwn, after which the concentrations gradually increased 
(group I, table 4). At the end of the first month of lactation, 
the average levels were higher than at the initial period one 
month before parturition. 

Comparisons of data from groups I-a, -b and -e indicate 
that supplementation of the prepartal diet with vitamin A 
had no significant effect upon either the magnitude of toco- 
pherol concentrations or their trends in the blood serum. 

The cow of group IV received a diet similar to that of the 
cows in group I-a (table 1) but was milked throughout gesta- 
tion without the usual dry period. The levels of toeopherols 
in her blood serum, in contrast to those of other cows, in- 
creased slightly as gestation approached termination (table 
3). The maximum concentration was obsexwed on the first day 
post parium and the minimum on the 7th day (table 4). 

Trends of tocopherol levels in blood serum of cows 
that received tocopherol supplements 

Tocopherol levels of blood serum of preparturient cows that 
received vitamin A alcohol and 0.5 to 1 gm of tocopherol sup- 
plements daily (group II, table 3) were more than 15% higher 
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*A11 slipplementatiou discoiitiuued at parturition, 

* First sainpio after parturition. 

* Number of samples represented in the means enclosed in paxen theses. 

* Only one cow in eaeli classification. 

‘Milked throughout gestation. 
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values in groups I-b and TT n+ fi (gi’oup I). The high 

due to residual effects of torn periods possibly Avere 

(Cabell and Ellis ’49) obtained from pasture 

moved immedia elv w’ several cows were re- 

groups I and II were qimP^^ tocopherol levels of 

crease for g-roun II bp ^ T+ accelerated rate of de- 

Concentrations of topn parturition, 

immediately after parturiti^ serum from group II 

those of the control to remained higher than 

"‘^''"1 , v ” 

the levels of fln'a t 7‘+ • (table 3 ) increased markedly 

Avere reached onp f + ^ serum tocopherols generally 

though the rate of parturition. Even 

of th^ cow of 

group III e flip 1 ++ gi eater than that of the coaa’^ of 

centration tbr t f maintained a higher con- 

r“t“ d„ced 7 ?°’; ' “■»*“ of ‘ooophe.o. 

but a similm- j. n ^ ^creased in the blood serum, 

11 did not pre^nt™he°dow°^^^7°? 

mentation to increase topnnP^^T^ trend. ^ Failure of supple- 
of froun IT nmi hi pherol content in serum from coavs 
levds! pre-supplementation 

parturition, ^onc3ati^nfo?r 

of cows receiving 10 cin of th^ 

Avere approximatelv 4 H ^ ^ 

(group I). Howpvo’ yS'ber than those of the controls 

did not prevent the Iwmva^^rtrend f’W'o“Onlation 

tione as parturition approached concentra- 
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The residual effects of prepartal tocopherol 
tion on postpartal concentrations of this vitamin in the blood 
serum seemed to be related to the levels of in a re. e 
daily additions to the diet were 0.5 to 1 gm, and 10 gm, e 
minima occurred, respectively, from one to 
from 7 to 14 days postpartally. After the termination of the 
decline in the control cows (group I), the differences between 
the tocopherol levels in the serum of these animals and ot 
those receiving tocopherol supplements befoie pai uii ion 
gradually diminished. Four weeks after calving, b oo 
tocopherol levels of cows of group Ill-a lyere only about 15 
higher than those of group I, and were ivithin the same range 

as those of cows in groups Ill-b, -c and _ 

The various levels of vitamin supplementation pro uce no 
noticeable advantage in either the thriftiness or tlm lepro nc 
tive health of the cow; there was no apparent e ect on e 
incidence of retention of placental membranes. 


DISCUSSION 

Declines in concentrations of tocopherols in the blood seiuin 
of dairy cattle during the stages of terminal gestation and 
early lactation apparently are characteristic for cows sub- 
jected to conventional feeding and management practices. 
The trends are similar to those observed for vitamin A and 
carotene (Sutton et ah, ’45; Wise et ah, ’47). Diversity in 
the reported values of tocopherols in the blood of pregnant 
women suggests that the changes in human subjects do not 
follow so definite a pattern as has been noted for cattle 
(Straumfjord and Quaife, ’46; Varangot, ’42; Varangot et 
ah, ’43). It is improbable, however, that the parturient de- 
creases in the concentrations of vitamin E in the blood of 
cattle are unique for this species. 

The specific factors involved in the reduction of tocopherol 
levels have not been determined. Deficiency of the vitamin 
obviously was not an etiological factor at the levels of intake 
investigated, inasmuch as the decreases occurred regardless 
of dietary supplementation. Withdrawal of tocopherols from 
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(Parrish et al ’47^ ^ ^ mammary secretions 

but similar rJp’rr^^ POSsibly played a role in the reduction, 
^ declines in the serum of a mammeetomized cow 

JatpTif (Pountaine and Parrish, ’48) indi- 

tion andlnitiafl associated with partnri- 

extent ttar t to a greater 

extent than mammary functions per se. 

tocouhern\r-^°^m factors affecting concentrations of 

some of tl IS inadequate to explain the causes of 

observpd 1 * ^ ° differences. In contrast to responses 

uartal tr ^ ^ +t^ ®^perimental subjects, the upward pre- 

the m pi mtroduces 

affppfprl i whether omission of the normal dry period 
ffected tocopherol concentrations in the blood. Further in- 

virlnii to ascertain if the reaction was an indi- 

P^eu laii y or is a typical response of cows that 
continue milk production throughout gestation. 

■nv' ® level of tocopherol intake was one of the 

tl affecting concentrations of this vitamin in 

e 00 0 e experimental subjects. The dietary responses 
with those noted in human beings (Couperus, 
A?- Wechsler et ah, ’41, ’43), rabbits 

i' ino , ), ca ves (Latschar, ’47) and lactating cows (Poun- 

taine and Paiwish, ’48; Harris et ah, ’47; Whiting et ah, ’49). 
A report by Kaay ( ’47) revealed further that the tocopherol 
^ from cows, pregnant and non-pregnant, 

^ aiie mai edly according to the feed supplied. His results, 
in ^ arinony with values observed in the first samples of blood 
seium rom cows used in the current study, indicated that 
pas ure glazing greatly increases the tocopherol levels. Ac- 
coi^ lUj, 0 ca culations of vitamin E intake, cows fed a typical 
barn ration consume approximately 1 gm daily (Phillips et ah, 
48) whereas cows eating 100 lb. of gi-ass daily ingest 7.1 gm 

• +1 j} the levels of tocopherols 

in the blood of well-fed co^vs would not be expected to change 

to any marked degree when small amounts of tocopherols are 
added to the ration. 
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Tocopherol supplementation during the terminal weeks of 
gestation affected levels and trends of this vitamin in the 
blood of cows not only prepartally but also postpartally. 
These residual effects indicated that the additional tocopherol 
intake augmented the body reserves. 

The time of collecting the blood samples in relation to the 
ingestion of supplemental tocopherols may have been another 
factor related to the concentrations of this vitamin detected 
in blood serum. Couperus ( ’43) and Quaife and Harris ( ’44) 
reported that maximum concentrations of tocopherols in hu- 
man blood were attained 6 hours after oral administration of 
a single dose. The time required for the levels to return to 
normal seemed to vary with the amount ingested. It is prob- 
able that the rate of absorption in ruminants is slower and 
more uniform than in monogastric animals. Though in the 
present study blood samples were drawn at a specific time, 
14 to 16 hours after feeding the tocopherols, the stage repre- 
sented in the absorption cycle was not ascertained. 

In harmony with the report of Kaay (’47), the well-being 
of heifers and cows and their reproductive performance were 
unrelated to levels of tocopherol in the diet and in the blood. 
Thus barn rations seemingly provided sufficient amounts of 
this vitamin to meet minimum needs for normal completion 
of gestation and initiation of lactation. Since the present in- 
vestigation covered only a small segment of the gestation- 
lactation cycle, longer periods of supplementation might have 
yielded different results ; but the findings of Gullickson et al. 
(’44) using vitamin E-low rations indicate that this is im- 
probable. Nevertheless, a more comprehensive exploration 
is warranted. 

SUMMARY 

1. Determinations were made of tocopherol concentrations 
in the blood serum of dairy cows receiving typical barn ra- 
tions, unsupplemented or supplemented, during stages of 
terminal gestation and initial lactation. 

2. Tocopherol concentrations in the blood serum of dairy 
cows restricted to typical barn rations decreased slowly dur- 



514 


LATSCHAR, WISE, PARRISH AND HUGHES 


ing tile terminal month of pregnancy. The decline geiieral’y 
became more pronounced within a few days before parturi- 
tion and reached a minimum level the second day post paiium, 
after which a gradual but continuous rise ensued. 

• 3. Addition of vitamin A supplements to the diet of the 
preparturient dairy cow had no significant effect on toco- 
pherol levels in the blood serum. 

4. Addition of tocopherols (0.5 to 1 gm) to the diet resulted 
in concentrations of blood serum tocopherols averaging more 
than 15% higher than those in the controls. 

5. Addition of large tocopherol supplements daily to typi- 
cal barn rations of dairy cows during the concluding month 
of gestation resulted in an increase in tocopherol levels in 
blood serum, the highest level of tocopherol supplementation 
(10 gm daily) eliciting the greatest response (approximately 
4 times higher than in the controls). 

6. The higher levels of tocopherol supplementation, Igm 
to 10 gm daily, counteracted the gradual doAvnward prepartal 
trend in blood serum concentrations of this vitamin which was 
characteristic of serum from cows receiving no tocopherol 
supplements, but did not prevent the rapid decline in the 
immediate parturient period. 

7. After cessation of tocopherol supplementation at partu- 
rition, the post partmn trends of blood serum tocopherols 
were similar for all groups ; however, high levels of prepartal 
supplementation delayed the time of attainment of the mini- 
mum level and tended to maintain higher concentrations sub- 
sequently. 
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NET PROTEIN AND GROWTH-PEOi^IOTING VALUES 
OP THREE DIFFERENT TYPES OP YEAST 
PREPARED UNDER IDENTICAL 
CONDITIONS 

JOSE A. GOYCO AND CONBADO S'. ASENJO 
Department of Chemistry and 2futrition, School of Tropical Medicine of the 
University of Puerto Pico, San Juan 

ONE PlaUEB 

(Beccived for publication March 28, 1949) 

A previous investigation (Goyco and Asenjo, ’46) has indi- 
cated that though the nitrogen content and true digestibility 
of different samples of yeasts were quite similar, there was 
marked difference between the biological values of strains of 
Torula and brewers’ yeasts and, consequently, between their 
respective net protein values. Two different strains of Torula 
utilis exhibited biological values which were over 21% below 
those observed in a sample of brewers’ yeast studied at the 
same time. This difference in biological values could have been 
due to the influence of the growing mash or to the processing 
used in their elaboration, since they were prepared with dif- 
ferent nutrient mediums and at different places. 

The purpose of the following two experiments was to study 
the protein quality of different species and varieties of yeasts 
which had been prepared under identical conditions.^ 

^Pure cultures of Torula utilis No. 1084, Sa^cliaromyces cerevisiae (^'Gebruder 
Meyer'') No. 52 (Brewers' Yeast No. 52), and Pleischmann^s Stock Bakers' 
Yeast No. 51 (Bakers' Yeast No. 51) were furnished by us to Mr. Carlos Vincenty, 
of the Puerto Bico Industrial Development Company, who prepared a quantity of 
each one of these yeasts by identical techniques. The growing mash used in 
their elaboration was Puerto Bican blackstrap molasses clarified and diluted to 
5® Brix, with three grams of ammonium sulfate and 2 gm of ammonium acid 
phosphate (secondary) added per liter of the diluted molasses. 

The writers are most grateful to Mr. Vincenty for his valuable cooperation. 
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EXPEEIMENTAL 

Determination of digestibility, biological, and 
net protein values 

In order to ascertain the digestibility, biological, and net 
protein values of the proteins of the different yeasts, the tech- 
nique recommended by Mitchell and Carman (’24) was used 
with some modifications. As the details of this procedure 
have been already described in a previous communication 
(Goyco and Asenjo, ’46), they will not be repeated here. ' 
The tests lasted for 10 days and were divided into two 
periods: a three-day preliminary period when no samples 
were collected, and a 7-day experimental period during which 
urine and feces samples were collected daily. All diets used 
in the metabolism experiments contained about 8% protein 
on a wet basis (N X 6.25). Their composition is given in 
table 1. 

TABLE 1 

Composition of diets 


CONSTITUENTS ' 

standard- 

izing 

DIET 

TOSUDA 

UTIDIS 

NO 1084 

brewers’ 

YEAST 

NO 52 

b\kers' 

YEAST 
NO 51 

TORnL\ 

UTlEIS 

jfO 1084 
AND 0.5% DD* 
methionine 


% 

% 

% 

% 

% 

Dried, ether extracted 






whole egg 

6.50 





Dried yeast 


14.45 

16.80 

16.95 

14.45 

AEodified Osborne and 






Mendel salts 

3.00 

3.00 

3.00 

3.00 

3.00 

Sucrose 

10.00 

10.00 

10.00 

10.00 

10.00 

Sodium chloride 

1.00 

1.00 

1.00 

1.00 

1.00 

Vegetable oil (Mazola) 

9.00 

9.00 

9.00 

9.00 

9.00 

Cod liver oil 

1.00 

1.00 

1.00 

1.00 

1.00 

Corn starch 

66,50 

58.55 

56.20 

56.05 

58.05 

Cellu-flour 

3.00 

3.00 

3.00 

3.00 

3.00 

DL Methionine 





0.50 

Protein content 

4.44 

7.62 

8.06 

8.12 

7.66 


* One drop daily of B complex concentrate was fed to each animal: 200 
thiamine; 20 pg of riboflavin; 2.25 Mg of pyridoxine; 6.2 Mg of pantothenic acid; 
500 Mg niacin-niacinamide, and 0.4 units of filtrate factor. 
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The results of the initial and final standardizing periods 
are shovni in table 2. These two values, when plotted, per- 
mitted the interpolation, during the testing period, of a speci- 
fic value for each animal under observation. 

From the nitrogen metabolism data assembled in table 3 
the coefficients of true digestibility and biological and net 
protein values were computed in the usual way. The values 
tlms obtained are reported in table 4. 


T.VBLB 2 

Daily excretion of inetabotic antf endogenous nitrogen during initial 
and final statidardizing periods 



BODYV.'EXGUT 

VBCAt. 

METABOEIO 

EKDOOENOnS 
NrrBOOEN 
IK URIKB 
X»EB 100 Gil 
WEIOUT 


Initial 

Final 

KiTnooBj; 

IVrEOES 

OV FOOD 


gm 

am 

gm 

mg 

mg 

mg 

mg 

Xnifiar period: dried 

egg 

protein ration containvig 

0.71% N 

Average of 
10 rats 

Standard 

55.1 

67.1 

6.5 

7.7 

1.2 

12.7 

20.8 

deviation 

3.4 

4.6 

0.7 

0.9 

0.1 

1,2 

0.9 

Final period: dried 

egg 

protein ration containing 

0.71% 

N 

Average of 
10 rats 
Standard 

103.3 

no.o 

7,7 

10.2 

1.3 

14.9 

14.0 

deviation 

11.9 

11.1 

0.7 

1.2 

0.1 

1.7 

0.7 


Although its digestibility was slightly higher, Torula utilis 
exhibited biological and net protein values much lower than 
either one of the 8. cerevisiae strains studied. However, when 
0.5% nn-methionine was added to the Torxda utilis ration the 
coefficient of digestibility as well as the biological and net 
protein values increased to the very high figures of 90.2, 88.3, 
and 44.1%, respectively. 

In the case of the two strains of 8. cerevisiae, Brewers’ No. 
52 and Bakers’ No. 51, the coefficient of digestibility and the 
biological and net protein values were almost identical in 
each case, 79.9 and 80.7, 58.4 and 58.9, and 22.2 and 22.7, 


re- 
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TABLE 3 


jSfiirogerv meiaJ)olism of rats on yeast rations 
(Results expressed ou daily basis) 



BODY WEIGHT 

FOOD 

INTAKE 


NITHOGEN 


Initial 

Final 

Intake 

In feces 

In urine 

Balance 


gm. 

gm 

gm 

mg 

vig 

mg 

mg 



Torula utilis No. 1084 ration 



Average of 








10 rats 

60.1 

58.1 

2.49 

30.4 

7.6 

29.0 

-6.2 

Standard 








deviation 

4.5 

4.2 

0.6 

7.3 

1.8 

3.6 

3.7 



Brewers* 

yeast No, 

52 ration 



Average of 








10 rats 

60.1 

66.0 

4.70 

60.6 

17.9 

31.6 

11.1 

Standard 








deviation 

4.4 

6.0 

0.8 

10.6 

3.2 

3.7 

7.3 



Balcers * 

yeast No. 51 ration 



Average of 








10 rats 

68.7 

74.3 

4.62 

60.1 

17.4 

31.8 

10.9 

Standard 








deviation 

7.1 

9.7 

1.0 

13.6 

3.8 

4.9 

6.1 


Torula utilis No. 1084 and 0.5% 

> iHA-vietliionine 

ratio7i 


Average of 








10 rats 

81.4 

95.8 

6.28 

76.6 

15.5 

21.6 

39.5 

Standard 








deviation 

11.1 

12.3 

1.0 

12.4 

2.2 

2.6 

8.0 


spectively These values were lower than those previously 
reported by us (Goyco and Asenjo, ’46) for a different strain 
of S. cerevisiae.- 


Groivth-promoting studies 

For the growth studies, 28-day-old male Wistar albino rats, 
weighing 54 to 57 gm, were transferred from the stock colony 
to round double-bottom cages, three to a cage. 

’ Fleischruaun Type 2019. No definite information could be obtained on the 
composition of the mash used to grow this yeast; probably it was a cereal mash. 
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Experimoutal yoast dials u-era fad to ‘l'““ ^ ^ 
composition o£ these diets being the same as of 
the previous experiment except for the P®'* 
vhW, was increased to about ISf/o protein 
percenta-e of cornstarcli, which was reduced piopoitional y. 
TdS purified casein - as the so^- ^ P - 

tein was used for comparisou. Mi animals wei e suppleme 

TABLE 

0/ tr.. dwrniMilr, Sieleolr.. rel.e o.iU r'.ni. »■« «/ 
nitrotjenous suistances present in yeast 


TonuLA uaEWEns’ bakers' 

UTIETS YEAST 

SO. 1084 KO. 52 ^0. 51 


Tonux^A 
UTIEIS 
KO. 1084 
akb 0.6% 

DB*3IETniONl>*E 


(a) % Protein (JI X 6.25) in the 
yeast samples 

(b) Total fecal nitrogen^ 

(c) “Metabolic nitrogen “ in feces ^ 

(d) Pood nitrogen in feces (b— c)^ 

(e) Total nitrogen intake ^ 

(£) Nitrogen absorbed (e — d)^ 

(g) Total urinary nitrogen ^ 

(h) Endogenous nitrogen in urine ^ 

(i) Food nitrogen in urine — 

(j) Food nitrogen retained (f— i)* 

(k) Biological value; y X 100 

(l) True digestibility coefficient; 

7 XlOO 

(m) Net protein value X k V H 
’■Besults expressed in milligrams of nitrogen per day, ^ alues are average of 

10 rats. 


55.37 

7.6 

3.0 
4-6 

30.4 

25.8 

29.0 

11.4 

17.6 
8.2 

31.8 

84.8 

14 9 


47.68 

17.9 

5.7 

12.2 

60.7 

48.0 

31.6 

11.4 

20.2 

28.3 

58.4 

79.9 

22.2 


47.25 

17.4 

5.8 
11.6 
60.1 

48.5 

31.8 

11.9 

19.9 

28.6 

58.9 

80.7 

22.7 


55.37 

15.5 
8.0 
7,5 

76.7 

69.2 

21.7 

13.6 
8.1 

61.1 

88.3 

90.2 

44,1 


ivith the vitamins listed in table 1. All rations vrere kept in 
the refrigerator until needed. The trials lasted for 4 weeks. 

The growth curves of the different groups of rats^ appeal' 
in figure 1. Examination of them shows that the ration con- 
taining To Tula litilis as the sole source of protein gave the 
poorest growth performance, yet this same ration when sup- 

* Vitamin test casein, General Bioebemxcals, Inc., Chagrin Falls, Ohio. 
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TABLE 5 

Growth-promoting value of proteins in rations 



(Results expressed 

on 4-week basis) 



RATION 

PROTEIN IN 
RATION BY 
ANALYSIS 

NO. OP 
RATS 
PER 
GROUP 

AVERAGE 

INITlAIi 

WEIGHT 

AVERAGE 
GAiN IN 
WEIGHT 

“a" 

AVERAGE 

DIET 

CONSUMED 

AVERAGE 

PROTEIN 

CONSUMED 

“b” 

GBOWTH- 
PROMOTINQ 
VALUE OP 
PROTEIN 

a/b 

Torula yeast 
No. 1084 

% 

17.62 

9 

gm 

56.7 

gm 

22.4 

gm 

138.6 

gm 

24.94 

0.9 

Bakers^ yeast 
No. 51 

17.69 

9 

54.8 

43.3 

176.2 

31.71 

1.4 

Brew'ers' yeast 

No. 52 17.94 

9 

55.1 

57.4 

187.7 

33.78 

1.7 

Purified 

casein 

18.03 

12 

54.6 

60.6 

175.0 

31.50 

1.9 

Torula yeast 
No. 1084 
plus 0.5% 

DL- 

methionine 

18.06 

6 

56.1 

84,3 

233.1 

41.95 

2.0 



Fig. 1 Growth curves of groups of rats fed the different rations. 
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plemented with 0.5% DL-methioniiie gave the best perform- 
ance of all. 

Eations containing the two different strains of S. cerevisiae 
supported growth at somewhat different rates. The brewers’ 
strain paralleled the growth performance of the ration con- 
taining casein, while bakers’ strain had a poorer rate of 
growth though still much better than that of the Torula ra- 
tion. Table 5 presents a summary of the details of this ex- 
periment, with calculations of the average gain in weight per 
gram of protein consumed. 

The gain in weight of normal rats on our stock colony ra- 
tion No. 1 (Goettsch, ’46) for a similar 4-week period aver- 
aged 125 gm, a much superior gain to that obtained on any 
of the rations fed in this experiment. 

DISCUSSION 

The true digestibilities thus obtained ivere as follows : 84.8 
for Torula yeast No. 1084; 90.2 for Torula yeast No. 1084 
supplemented with methionine; 79.9 for Brewers’ Yeast No. 
52; and 80.7 for Bakers’ Yeast No. 51. 

Gro'wth-promoting, biological, and net protein values of 
Torula jeast protein were decidedly lower than those demon- 
strated by the two strains of S. cerevisiae. As these three 
yeasts were prepared under identical conditions, it would 
seem that the lower nutritional value exhibited by Torula 
utilis under the conditions of this experiment was due to an 
inherent property of these pseudo-yeast proteins, and not to 
the environmental and nutritional factors that acted on the 
organism during its growth and development. 

In a previous experiment (Goyco and Asenjo, ’46) with a 
sample of Torula utilis No. 1084 prepared in England in a 
molasses-salts mash, the biological value reported was higher 
than the one obtained here — 48.8 as compared to 31.8 for the 
sample prepared in Puerto Eico in a similar, although not 
identical, mash. Even the former value of 48.8 was much 
lower than those biological values recorded by the present 
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authors in 1946 and by others (Sure and House, ’49; Hughes 
and Haug’e, ’45), for different strains of S. cerevisiae. 

In the present experiment the food intake was somewhat 
lower than that observed in the previously reported trial with 
samples of Torula manufactured in England (Groyco and 
Asenjo, ’46). As a result of this lower food intake a negative 
nitrogen balance was induced in the animals, as can be seen 
in table 3. However, the rats consumed over 150 Cal. in non- 
protein constituents of the diet and not less than 500 mg of 
nitrogen per kilogram of body weight per day (compare Boas 
Fixsen, ’30). 

The great improvement noted in the performance of Torula 
protein on addition of 0.5% DL-methionine to the ration was 
remai'kable. The recorded biological and growth-promoting 
values were almost three times as high as the ones for Torula 
protein alone, and are of an order exhibited only by the very 
best quality proteins. It is apparent that Torula yeast has an 
appreciable amount of its methionine in an unavailable form.'* 

These findings agree with those of Klose and Fevold (’45), 
who observed that the nutritional inadequacy of yea.st protein 
could be corrected by the addition of methionine. The small 
amount of methionine added to the diet under discussion 
apparently stimulated the food intake of the expei'imental 
animals. There was an average intake of 2.5 gm of diet per 
day, without methionine; the addition of 0.5% methioniue in- 
creased the intake to 6.3 gm per day. 

Although the two strains of 8. cerevisiae, Bakers’ No. 51 
and Brewers’ No. 52, exhibited almost identical biological 
values (58.9 and 58.4, respectively), they differed significantly 
in growth-promoting values. Strain 51 had a growth-promot- 
ing value of 1.4, while 52 had a much higher one, 1.7. This 
ditference between the two strains would indicate that the 
protein in the brewers’ strain is more suitable for stimulating 

‘ The three yeasts used were analyzed for methionine by the method of Mc- 
Carthy and Sullivan (’41) using pepsin as the hydrolizing agent. As fed they 
contained respectively: yeast No, 1084 — 0.67%; yeast No. 51 — 0.91%, and 
yeast No. 52 — 0.69% methionine. 
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growth than that in bakers’ yeast. Both, however, seem to 
function equally well for maintenance purposes. 

SUYIilARY 

The nutritive value of the proteins of three different types 
of yeasts prepared under identical conditions was evaluated 
by means of the nitrogen balance and growth-promoting 
methods. 

Saccharomyces cerevisiae, Bakers’ No. 51 and Brewers’ 
No. 52, and Torida iitilis No. 108-1 were found, respectively, 
to be 80.7, 79.9, and 81.8% digestible; to possess biological 
values of 58.9, 58.1, and 31.8; to have net protein values of 

22.7, 22.2, and 11.9 ; and to possess a protein efficiency of 1.1, 

1.7, and 0.9. 

With the exception of the coefficient of digestibility, the 
nutritive coefficients of S. cerevisiae strains were generally 
much higher than those of the Torula. 

The protein of Torida utilis No, 1081, when supplemented 
by 0.5% methionine, gave the following nutritive coefficients : 
digestibility, 90.2; biological value, 88.3; net protein value, 
H.l; and protein efficiency, 2.0. 

The two strains of S. cerevisiae, Bakers’ No. 51 and Brew- 
ers’ No. 52, had similar nutritive coefficients with the excep- 
tion of that for protein efficiency, which was higher in the 
case of strain 52. 
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The general use of microbiological methods for the deter- 
mination of amino acids has produced a considerable volume 
of published data on the amino acid contents of pure proteins, 
meat, eggs, other animal products, and cereal grains. How- 
ever, very little data on the amino acid contents of vegetables 
are available. Stokes et al. ( ’45) give values for the essential 
amino acid content of carrots, peas, and potatoes. Whole 
dried corn has been investigated for its amino acid content 
by a number of workers (Horn et al., ’46, ’48; Schweigert, 
’47 ; Jones et al., ’48) but very little if any data are available 
on the amino acid content of fresh sweet corn. 

In this paper are reported the percentages of essential 
amino acids in broccoli, cauliflower, and several varieties of 
sweet corn and carrots. The consumption of these vegetables, 
especially carrots, has increased in the U. S. in the last few 
years (Clark et al., ’47). 

EXPEEIAIENTAL 

Samples of each- vegetable, or variety of vegetable, were 
collected at random, on the same day, from carefully con- 
trolled irrigated plots at the University of Arizona Vegetable 
Research Farm. Thus the different varieties of vegetable 
received the same fertilizer and irrigation treatment and 

* Aided in part by a grant from the Williams-Waterman Fund for the combat 
of dietary diseases. 
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were subject to the same climatic variations. Two samples of 
broccoli of the Italian sprouting variety were assayed; one 
was collected at a different date than the other. Two varieties 
of cauliflower, Snowball and Snowdrift; 4 varieties of sweet 
coin, Yellow Hybrid, Kingcross, Tendergold and Seneca 
Chief; and 9 varieties of carrots, Imperator, Rubicon, Tou- 
chon, Tempe, Hutchinson, Morse’s Bunching, Danver’s Half 
Long, Red Core Chatenay and Scarlet Nantes were assayed. 
The vegetables were steam blanched for 5 min. and then dined 
overnight in a Stewart Warner dehydrator at 150°F. Mois- 
ture determinations were made on the dehydrated materials. 

For assay of the essential amino acids other than trypto- 
phan, accurately weighed quantities of the dried vegetables 
were refluxed 24 hours with 20% hydrochloric acid. The 
hydrolysates were evaporated on a hot plate to a syrupy con- 
sistency, the pH adjusted to 6.8-7.0, and the hydrolysates then 
diluted to proper volume and filtered. 

For the assay of tryptophan, accurately weighed samples 
were autoclaved at 121°C. for 5 hours with 5N sodium hy- 
droxide (Krehl et ah, ’46). Fifty milli grams of cysteine were 
added at the beginning of the hydrolysis and again after one 
to two hours. As was found by Kuiken et al. (’47), this tech- 
nique prevented the destruction of tryptophan. The final re- 
sults were multiplied by two to correct for the racemization 
of tryptophan caused by the allcaline hydrolysis. 

The hydrolysates were assayed for the essential amino 
acids almost exactly as indicated by Henderson and Snell 
( 48). Wasserman tubes (13 mm x 100 mm) were used in- 
stead of the 18 mm x 150 mm tubes specified by the above 
authors. For growing bacteria 10% filtered tomato juice was 
added to the media. For tryptophan both LactobacUliis ara- 
binosus 17-5 and Streptococcus faecalis JR were used. 

For all the amino acids ^ except isoleucine, values obtained 
ai*e expressed on the basis of 100% activity for the L-isomer 
and 50% activity for the DL-isomer. For DL-isoleucine the 

All amino acids used for the standard curves Tvere manufactured by ATerck 
and Company. 
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values obtained are expressed on the basis of 39% of the 
activity of the L-isoiuer (Erickson et ah, ’48). Where both 
the L-form and the DL-form of the amino acid were available 
commercially, the responses of the assay organism to each 
were determined. 

To check on the hydrolysis and microbiological procedure, 
recoveries were run. Amounts of amino acids approximately 
equal to those naturally present in the samples were added 
before hydrolysis. Also one sample of each vegetable was 
refluxed 40 hours ^vith 20% HCl and the amino acid content 

TABLE 1 


Recovery of amino acids added before hydrolysis 


AMINO 

ACID 

BROCCOLI 

CAULIi•LO^VXB 

CAUnOT 

SWEBT COBN 


% 

% 

% 

% 

L- Arginine 

91 

94 

100 

103 

L-Histidine 

96 

93 

95 

100 

DL-Iso leucine 

102 

100 

97 

108 

L-Leucine 

96 

104 

107 

107 

L-Lysine 

110 

95 

92 

, . 

DL-Methionine 

103 

109 

97 

96 

DL-Phenylalanine 

105 

97 

97 

114 

DL-Threonine 

101 

113 

100 

90 

DL-Tryptophan 

95 

100 

105 

102 

DL-Valine 

108 

113 

93 

113 

Mean 

101 

102 

98 

104 


of this hydrolysate was compared with that of the 24-hour 
hydrolysate to determine whether the latter period was suflS- 
cient to release each one of the amino acids completely. 

RESULTS 

The percentages of recovery of the amino acids added 
previous to hydrolysis are given in table 1. For all amino 
acids the recoveries are as good as can be expected using 
microbiological methods. The mean of the recoveries for 
sweet corn (104%) is slightly higher than for the other vege- 
tables. It is possible that sweet corn contains substances, or 
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ammo aS efpsSriT,:'”'. \° 

cine. “P^^ally to phenylalanme, leaeine, and isoku- 

mo^r’oLn?r •'’* li'>erate appreciaW; 

to the respective one-half as much as the response 

°vo4 of rivf “ T"*“‘ ‘“ «■* 

present in wlmi ' assuming- that the amino acids are 
all these vevetnW^^^/^^ optimum proportions, it follows that 
cine Caulifln ^ P^'°teins are deficient in lysine and isoleu- 

isoleucine 1 ’ definitely deficient in three amino acids 

pCykla2i?T"’ ^5^«i^«-and possibly in two others, 

muscle protein il nTfopT' 

essential amino adds Svmt deficient in all the 

in hi^tiriiT.. 1 ®weet corn is approximately optimum 

broccoli oa\ P^®^y^o,lanine and valine. A mixture of 

balanced in sweet corn would afford proteins 

isoleucine. essential amino acids except lysine and 

teins of thn^ percentages of amino acid in the pro- 

Even thnnoi ^ varieties of corn and carrots is striking. 

same for thP vt 

proof that nn ^ varieties tested there is no conclusive 

amino acid tli^ 7 will be consistently better in any one 
umiuo uciu, thuu unv oth 0 r t-#- • n • t xi i. 

tests for nutritive value of ^ ^ recognized that 

a ue of different varieties of food crops 



TABLE 2 

Essential amino acid co7iieiit of some vegetables 
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must be conducted over a number of years before any differ- 
ences can be assumed as significant. However, our results 
indicate that the amino acid constituents of plant proteins 
may be affected by certain factors. This also is borne out by 
the work of Schweigert (’47), who reported considerable 
differences in the leucine content of the protein in two differ- 
ent samples of milo. The protein content of this author’s 
samples varied much less than the protein content of either 
our corn or carrot samples. 

SUMMAEY 

The content of essential amino acids was determined in 
broccoli, two varieties of cauliflower, 9 varieties of carrots, 
and 4 varieties of sweet corn. The protein of cauliflower as 
compared with whole egg protein is fairly Avell balanced in 
essential amino acids. It is definitely optimum in methionine, 
valine, threonine, histidine, tryptophan, and possibly arginine 
and phenylalanine. Sweet corn protein is approximately opti- 
mum in histidine, leucine, phenylalanine and valine, and broc- 
coli protein in arginine and methionine. Carrot protein is 
deficient in all the essential amino acids. 

The percentage of amino acids in the above plant proteins 
varied in the different samples. The variation is not attrib- 
uted to difference in variety. 
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At the present time at least two views exist regarding the 
relationship between blood levels and the amount of vitamin 
A stored in the liver. Steigmann and Popper (’44) believe 
that if a sufficiently large number of cases is studied, some 
degree of parallelism may be observed betw^een blood and 
liver levels. This has been attributed to the free vitamin A 
concentration in the liver (Glover, Goodwin and Morton, ’47). 
Lewis, Bodansky, Falk and McGuire (’42), on the other hand, 
feel that blood levels of vitamin A are regulated by some 
means other than the amount stored in the liver. On review- 
ing the evidence in support of these two views it seemed 
probable that conditions such as age, sex, amount of supple- 
mentation and the degree of vitamin A depletion might deter- 
mine which process regulates the relationship between vitamin 
A blood and liver levels. 

The work of Lewis et al. ( ’42) was done on young male and 
female rats, three to 4 weeks old, that had been given supple- 
ments prior to depletion tests. It was therefore decided to 
examine this blood-liver relationship in older rats that had 
not received vitamin A supplements, and in similar rats un- 
der the influence of varying degrees of vitamin A depletion. 

* This work was supported in part by grants from ilerck and Co., Ine., Xlilbank 
Memorial Fund and National Vitamin Foundation, Inc. 
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METHODS AND PEOCEDUBES 

Rats ixsed were from a commercially supplied Wistar 
strain. The females Aveighed 125 to 150 gm and the males 175 
to 225 gm at the beginning of the study. 

Blood samples were taken by cardiac puncture and total 
livers removed from 51 female and 61 male rats ; 27 males and 
19 females Avere on normal diets ^ and the remainder were on 
a vitamin A-free diet ^ for periods ranging from 4 to 20 weeks. 



Fig. 1 The relationship between serum vitamin A and total liver content m 
uornial and partially depleted female rats. 


All animals Avere fasted 12 hours prior to taking the samples. 
Serum vitamin A Avas determined on duplicate samples by the 
method of Bessey et al. ( ’46). The livers were weighed, finely 
sectioned, thoroughly mixed and aliquots taken for the deter- 
mination of vitamin A by the method of Oser et al. (’43). 

EESHLTS 

A summary of the results is presented in figure 1 and tables 
1 and 2. The points for the graph were determined by arrang- 
ing the data into groups for which the interval for senun 
levels of vitamin A was 25 I.U./lOO ml. The average sei'um 

® Rats on a Purina liaboratory Chow diet. 

* Rats on a vitamin A test diet, XJ.S.P. XII. 
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level in each group was plotted against the corresponding 
average value for the total vitamin A in the liver. In this 
figure the points were determined and plotted separately for 
normal and depleted females. The line of regression di'awn 
behveen the points for normal and depleted female rats was 
determined hy the method of least squares. A relation similar 
to the above for females was noted for normal male rats. 


TABLE 1 

Average iceight, serum level and total liver eotitent of vitamin A in normal 
and partially depleted rats 


DIET 

xo. oy 

WEIGHT 


TOTAIi LIVER LEVEL 

SATS 

Avc. S.B, 

Ave. S.D. Range 

Ave. 


S.D. 

Range 

J^emales 

Normal 

27 

gm 

140 ±35 

ZM. % 

70 ±37 ( 55-125) 

2,226 

HK 

I.V, 

705 

(1,019-3,280) 

Vit. A- 
free, 








4; wks. 

6 

160 ±18 

135 ± 24 (110-175) 

1,161 


172 

( 850-1,360) 

Vit A- 
free, 








8 Y?ks, 

6 

180 d:12 

115 ± 26 ( 55-150) 

1,368 


681 

( 715-1,960) 

Vit. A- 
free, 








16 wks. 

6 

190 ±11 

115 ± 34 ( 80-165) 

1,436 


946 

( 141-3,020) 

Vit. A- 
free, 








20 wks. 

6 

190 ±10 

UO :fc26 (125-175) 

1,073 


511 

( 600-2,130) 

Males 








Normal 

Vit. A- 
free, 

19 

200 ± 24 

125 it: 49 ( o5~17o) 

3,021 


1727 (1,517-6,230) 

1 wkg. 

Vit. A- 
free, 

10 

250 ±25 

135 it:46 ( 25-200) 

362 


156 

( 100-600) 

8 wkg. 

Vit. A. 
free, 

20 

279 ± 26 

95 :t 52 ( 20-165) 

174 


126 

( 39-499) 

12 wks. 

12 

304 ±23 

65 ±: 45 ( 0-155) 

61 


26 

( 27-106) 
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The relationship between the serum vitamin A level and 
liver content of the partially depleted male rats is presented 
in table 2. These rats were divided into two groups on the 
basis of their livei* content of vitamin A and not according 
to the time on the vitamin A-deficient diet. In group I were 
placed those rats whose livers contained only apparent vita- 
niin A; the remaining depleted male rats, whose total liver 
vitamin A content ranged between 103 and 499 LIT., were 
placed in group 2. 


TABLK 2 


The serum level and liver content of two groups of partially depleted male rats 



NO. 

TOTAL) LIVER CONTENT 

SEBUM LEVEL 


RATS 

Ave. 

Range 

Ave, S.D. 

Group I 19 

Group II 23 

Serum level difference 

2.U. 

63^ 

277 

36-95 

103^99 

I.V. 

75 48 

120 44 

(group II 

— group I) 



45 = 


This value should be labelled ‘‘apparent vitamin A,'' since the color developed 
by adding the Carr-Price reagent to the extracts from these livers did not produce 
a characteristic color for vitamin A. A similar observation has been described by 
Mattson et al. ('47). 

The standard error of the dilference between the mean serum levels as deter- 
mined by the formula o-j, = (Arkin and Colton, '46) was found to be 

thus indicating the statistical significance of the difference between the 
mean serum levels for groups I and II. 

It is evident from an examination of these data that an 
inverse relationship exists between the blood and liver levels 
of vitamin A in normal male and female rats within the 
ranges tested. It may also be noted that this inverse relation- 
ship holds true in the case of the vitamin A-depleted female 
animals. The coefficient of correlation ^ for the line of regTCS- 
sion as drawn in figure 1 was found to be — 0.95, indicating 
that the relationship is significant. 

In the male rats the depletion was more severe than in the 
females, as is indicated by the lower vitamin A content of the 

-^1 — (Arkin and Colton, '46). 
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liver (see tables 1 and 2). Here a direct relationship was 
found between the blood and liver levels; that is, as the liver 
content decreased the serum level also decreased. 

From table 1 it will be noted that the average serum vita- 
min A levels were lower and the liver content higher in the 
normal female group of rats than in those subjected to the 
stress of depletion. In the males, however, the serum level 
and liver content were both lower in the depleted group than 
in the normal group. 

It may be noted that there was a sharp decline in the aver- 
age amount of vitamin A in the livers of rats after they were 
on a deficient diet for 4 weeks. The males were more severely 
affected than the females. Some female rats had as high as 
3,000 I.U./total liver after being on a vitamin A-free diet for 
20 weeks, whereas in the male group (12 rats), after a similar 
diet for 12 weeks, all except one had a liver content of vitamin 
A of less than 100 I.H. The inverse relationship between 
blood and liver levels held for the former but not for the 
latter ease. 

The degree of stress placed on these animals was not suffi- 
cient to produce any of the usually accepted physical signs of 
vitamin A deficiency. The male rats gained weight through- 
out the test period, whereas the females, after 12 weeks of 
depletion, did not show an increase in weight but remained 
constant up to 20 weeks. 


DISCUSSION 

The evidence presented in fignire 1 supports the hypothesis 
that there is a regulatory mechanism controlling the blood 
vitamin A level of rats which, under the conditions of this 
experiment, operates to give an inverse relationship between 
the blood level and liver content of vitamin A. This regula- 
tory process was found to function in both normal male and 
female rats and also in those females subjected to vitamin A 
depletion. It is obvious, however, that the range of this rela- 
tionship is limited and that it would not apply under condi- 
tions of excessive supplementation or extreme depletion. This 
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latter limitation is shown by the group of male rats ou the 
vitamin A-free diet, in which it will be noted that a low liver 
content is associated with a low serum level. This change in 
relationship may be attributed to a breakdown of the regula- 
tory mechanism by the depleted state of the animal. It is 
of course possible that certain sexual factors may also affect 
this process. 

Sex differences in the rate of loss of liver stores have been 
previously summarized by Brenner et al. (^42) as favoring 
the females. This view is further substantiated by the pres- 
ent findings ; namely, that in general the male rats were more 
severely depleted of their vitamin A liver stores in a period 
of 4 weeks than were the females over a 20-week period. 

If low liver content and serum levels of vitamin A are an 
indication of a deficiency state, it is difficult to account for 
the continued increase in weight of all male rats, especially 
in those whose serum levels ^vere zero and whose livers con- 
tained less than 100 I.U. of apparent vitamin A. It seems to 
the author that either vitamin A is not as important a factor 
in the growth and development of older rats as it is for 
younger rats, or that a measure of the liver content and serum 
level is not adequate for determining* a deficiency state. 

This study confirms the rapid loss of the vitamin A liver 
depots in the first 4 weeks as noted by Poppei* and Brenner 
( 42) and Davies and Moore (’35). The evidence contained 
in histological studies by Popper and Brenner ( ’42) and the 
more recent work of Glover and Morton (’48) suggests that 
this early and great loss may involve a specific labile type of 
vitamin A, stored in the hepatic cells as a protein complex, 
which in turn is readily available for liberation into the blood 
stream. The more gradually depleted form may represent 
that vitamin A stored in the Kupffer cells. 

It is impossible, with the evidence at hand, to present a 
satisfactory explanation for the two relationships found to 
exist between liver content and serum level of vitamin A. It 
is suggested on the basis of the inverse relationship that per- 
haps tissue demand is a more potent factor governing serum 
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blood levels than is liver depot content. V arious factors such 
as age, sex, disease and amount of vitamin A stored un- 
doubtedly affect this relationship. 

In conclusion it may be stated that the evidence gained 
from this study plus the observations descidbed by other 
workers (see above) support the view that it is difficult to 
assess the body’s need or its reserve of vitamin A on the basis 
of blood level per se. In light of these findings it seems evi- 
dent that additional investigation must be made in order to 
determine whether these factors affect the serum vitamin A 
level in man. 

SUMMARY 

An examination was made of the relationship between 
serum level and liver content of vitamin A in normal rats and 
those under the influence of varying degrees of vitamin A 
depletion. The following points were observed: 

(1) An inverse relationship existed between blood and 
liver levels of vitamin A in normal male and female rats and 
those depleted female animals whose liver content ranged as 
low as 600 I.U./total liver. 

(2) When the total liver content fell below 600 I.U. in the 
males there was a parallelism between blood and liver levels. 
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ASCOEBIC ACID METABOLISJ^I OF OLDER 
ADOLESCENTS ^ 


CLABA A. STOEVICK, BESSIE L. DAVEY,= EUTH iM. NITCHALS, 
EUTH E. COFFEY AND MAEGAEET L. FINCKE 
Nutrition Laboratory of the Home Economics Experiment Station and School 
of Home Economics, Oregon State College, Corvallis, and Bureau of 
Human Nutrition and Home Economics, U. S. Department 
of Agriculture 

ONE FIGURE 

(Eeceived for publication April 18, 1949) 

INTRODUCTION 

A review of the literature in the field of ascorbic acid re- 
quirements showed few data on adolescent subjects. The rec- 
ommended allowances for ascorbic acid for adults, children 
8 to 12 years of age, pre-school children and infants were 
derived from experimental data on those age groups (Na- 
tional Research Council, ’45). The allowances for children 
over 12 years of age apparently were not based on experi- 
mental studies on this age group but were derived from data 
obtained from studies on adults and younger children. 

So far as the present authors know, the first controlled 
study on the vitamin C requirements of adolescents was re- 

' Published as Technical Paper No. 578 with the approval of the Director of 
the Oregon Agricultural Experiment Station. Contribution of the Nutrition 
Laboratory of the Home Economics Experiment Station in cooperation with the 
School of Home Economics, Oregon State College, and the Bureau of Human 
Nutrition and Home Economics, U. S. Department of Agriculture. 

’The data in this paper are taken from the thesis presented by Bessie L. 
Davey to the Graduate School faculty of Oregon State College in partial ful- 
fillment of the requirements for the Ph.D. degree, June, 1949. Further details wUl 
be found in the thesis. 
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divided into three periods of 10 days each, allowing more 
tune to adjust to each level of ascorbic acid intake. The daily 
ascorbic acid intakes for the three periods were the same as 
those for the second, third and 4th periods, respectively, of 
the preceding yearns studies. 


TABLE 1 


Description of subjects 


YEAH 

SUBJECT 

AGE 

MEAN WEIGHT 

HEIGHT 




lb. 

in. 

1946-47 Girls 


18 

119 

611 


WH 

16 

125 

67 


BR 

19 

130 

651 


PS 

18 

111 

594 

Boys 

JC 

18 

155 

714 


YD 

18 

156 

691 


JJ 

18 

157 

71 


GS 

18 

170 

711 

1947-18 Girls 

NA 

18 

117 

651 


BD 

18 

116 

65 


MF 

18 

145 

654 


ER 

18 

153 

644 

Boys 

TC 

18 

186 

734 


DE 

18 

182 

734 


WP 

18 

129 

66 


DR 

18 

151 

704 


The ages, weights, and heights of the human subjects are 
given in table 1. These individuals were fed in a college dor- 
mitory. All of the foods which they ate were weighed and 
recorded. The general plan for controlling the intake of as- 
corbic acid from food was the same as that described in the 
previous paper by Storvick et al. (’47). Samples of foods 
which might be presumed to contain ascorbic acid were ana- 
lyzed by the method of Loeffler and Ponting ( ’42). Through- 

* Details of the experimental methods and procedures are available in Technical 
Bulletin 12 (1947) published by the Oregon Agricultural Experiment Station 
and from the thesis submitted to the Graduate Faculty of Oregon State College 
Bessie L, Davey (^49). 
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out the expei'iraental studies blood samples wei’e taken daily 
before breakfast and the reduced ascorbic acid in plasma was 
determined by the micro method of Farmer and Abt (’36). 

KESULTS 

Table 2 presents a summary of the means for plasma as- 
corbic acid concentrations for each subject. During the 
1946-47 studies the plasma values for all of the days in the 
first, or orientation, period of each study were included in 
the calculations, since no attempt was made to control the 
ascorbic acid intake for this period. For the second, third 
and 4th periods the plasma values were averaged for the last 
5 days, thus allowing two days for the subjects to adjust to 
the new levels of intake. In the 1947-48 studies the mean 
values were calculated both on the basis of the last 8 days 
and the last 5 days, alloAving two and 5 days, respectively, 
for adjustment to new levels. By comparison of these two 
sets of calculations we hoped to ascertain whether the longer 
experimental periods were really necessary. All of the daily 
ascorbic acid intake values were averaged in every experi- 
mental period. 

The significance of the ditferences between the means was 
tested statistically. The ditference is considered significant 
if it is twice as large as the standard deviation of the dif- 
ferences. 

Girls 

In the first, or orientation, period of the girls’ study in 
1946-47, three of the 4 girls showed near-saturation values 
accoi'ding to the results of fasting plasma ascorbic acid de- 
terminations (fig. lA). The mean fasting plasma ascorbic 
acid values were 1.00 mg% or higher for three of the sub- 
jects during this period. 

A rise in plasma ascorbic acid values was observed in all 
cases with the ingestion of saturation levels of ascorbic acid 
during the second period. Although three subjects appeared 
to be ''saturated,” WH may possibly not have been, since on 
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during the -ith period when the mean ascorbic acid intake was 
71 mg, or 11 mg less than during the third period. 

The 10-day saturation period during the 1947-48 study 
seems to have been sufficiently long for the plasma to become 
saturated in all 4 girls, as is indicated by a “leveling off” at 
plasma values above 1.00 ing% (fig. IB). 

A statistically significant decrease in plasma ascorbic acid 
between the saturation period and the second period, when 
the mean ascorbic acid intake was 80 mg per day, was shoT,vn 
by all subjects, regardless of whether the plasma values of 
the last 8 days, or only the last 5 days, of the period were 
considered. 

With these '4 subjects a 10 mg decrease in the level of 
ascorbic acid intake (to a mean of 70 mg per day) resulted 
in no statistically significant decrease in the plasma ascorbic 
acid values when calculated on the basis of the last 5 days, 
and in only one case (EE.) was there a significant decrease 
when they were calculated on the last 8 days of the period. 

Boys 

The fairly low mean plasma ascorbic acid values of the 
boys in the first period of the 1946-A7 study, when the as- 
corbic acid intake was not restricted, were a general indica- 
tion of previously low intakes (fig. 1C). A marked rise in 
plasma ascorbic acid was observed in three of the subjects, 
JC, VD and GS, when 200 mg doses of ascorbic acid were 
given as supplements during the second or saturation week. 
Although the mean ascorbic acid intake during this satura- 
tion period was very high, 319 to 357 mg per day, it was 
questionable whether the subjects were “saturated” at the 
end of the week, particularly VD and GS, whose values were 
increasing day by day. A steady but more gradual rise was 
shown by JJ during this period and his mean value for the 
period was considerably lower than those of the other sub- 
jects. On the 4th day of the saturation period JJ reported 
to the Student Health Service at the College, where he was 
given a series of injections for poison oak. JJ remained on 



8 


STORVICK, DAVEY, NIICHALS, COEPEY AND PINCKE 


the experiment as a matter of interest although his data 

^ normal subject and were not 
Gd m the statistical analyses. 

During- the third week 100 mg- of ascorbic acid, the recom- 
mended allowance of the National Eesearch Council for 
tins particular age, were given to the subjects. A marked 
d^ward trend was noticed in the plasma values at this 
e. e ecrease in mean plasma values from the satura- 

period of the 100 mg mean intake was 
statistically significant for JC, VD and GS. 

In the 4th period, when the ascorbic acid intake was de- 
ci eased 10 mg below the level of intake during the third 
pel 10 , a uithei significant decrease in plasma ascorbic acid 
was s oAvn only by JC. The plasma concentration of GS ap- 
^ai e o ave i cached a plateau by the end of the period at 
IS eve of intake, but whether the plasma values of the 
deneed^^ 3®®ts had reached plateaus was not so clearly evi- 

■ study the concentrations of ascorbic acid 

samples of WP and DE were indicative of 
10-day saturation period (fig. 
U). At the beginning of the study TC and DE had very low 
asung plasma ascorbic acid concentrations, 0.21 and 0.34 
Pj u thioughout the saturation period their plasma 
values continued to rise. The mean value for TC calculated 
n^Q ^ ^ days Avas 0.80 mg%, but his mean value was 

■nm Ihe last 5 days were considered. For 

a sirni ar ifference in the means was observed, i.e., 0.71 
g% on the data for 8 days compared to 0.88 mg% on a basis 
ot 0 clays. From the plasma values of the last few days of 
pel 10 it would appear that these subjects were ap- 
pioac ing saturation, but we cannot say that they Avere defi- 
nitely saturated. 


^ men the intake of ascorbic acid was decreased to 100 mg 
m e seconc peiiod, a statistically significant lowering of 
the mean fasting plasma ascorbic acid values occurred in all 
cases when calculated on the basis of the last 5 days of the 
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experimental period. Calculated on the basis of data from 
the last 8 days of the period, only two of the subjects (WP 
and DR) showed a statistically significant decrease in the 
mean fasting plasma ascorbic acid content. The differences 
between the means of plasma ascorbic acid values were not 
statistically significant for TO and DE, the two subjects who 
started the study with very low values. 

A further decrease in the ascorbic acid intake to 90 mg 
made no statistically significant differences in the mean 
fasting plasma ascorbic acid concentrations of the 4 subjects 
when calculated on the basis of the last 5 days of the experi- 
mental period. The calculations based on the last 8 days 
revealed inconsistent results, TC and WP showing a signifi- 
cant decrease between the means whereas DE and DR did not. 

In addition to the above-mentioned analysis of the results, 
the data of both years were also analyzed statistically for 
variance (Snedecor, ’46).® A statistically significant differ- 
ence was found between the means of the saturation period 
and the period on the recommended allowance of the National 
Research Council, while the difference in the means between 
the period on the recommended allowance and the period of 
10 mg less than this amount was not statistically significant 
for the boys but was significant for the girds. It was interest- 
ing to note that although the girls were ingesting 20 mg of 
ascorbic acid less than the boys during comparable periods, 
they had significantly higher mean plasma ascorbic acid 
values. 

The results of this study were similar to those obtained 
with the younger adolescent group; that is, the daily allow- 
ance of ascorbic acid recommended by the National Research 
Council did not maintain the plasma values at as high levels 
as Avere reached during the saturation period. In 22 of the 
24 subjects studied in this laboratory the National Research 
Council recommended allowance maintained mean plasma 

'The authors are indebted to Dr. J. C. E. Li, Assistant Professor of Alathe- 
matics, for assistance in the analysis of variance. 
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values of above 0.80 mg% under the conditions of our studies. 
The two exceptions were older adolescent boys. 

SUMMARY 

1. The recommended allowance of the National Eesearcb 
Council, 100 mg for the 18-year-old boys and 80 mg for the 
16- to 19-year-old girls, did not maintain mean plasma values 
at levels as bigli as their respective saturation means. For 
the girls all the mean values were above 0.80 mg%, ranging 
from 0.83 to 1.07. The boys’ values ranged from 0.67 to 0.91 
mg% ; two out of the 7 values were below 0.80 mg%. 

2. When the ascorbic acid intake was decreased to 10 mg 
less than the recommended allowance of the National Ee- 
search Council, it was found that for 6 of the 8 girls the 70 
mg intake of ascorbic acid was as effective as the 80 mg in- 
take in maintaining the ascorbic acid concentration of the 
plasma, and that for 6 of the 7 boys an intake of 90 mg of 
ascoi’bic acid was as effective as 100 mg in maintaining the 
plasma ascorbic acid concentration (JJ’s values were ex- 
cluded). 

3. The 10-day experimental periods were more desirable 
than the periods of one week. This was particularly true foi 
the saturation period when some of the subjects had been on 
diets low in ascorbic acid prior to the study. 

4. The data in this study were analyzed statistically by 
testing the significance of differences betweens means and by 
analysis of variance. 
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MAGNESIUM DEFICIENCY IN THE CHICK 
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Divmoti of Poultry iTusdandri/, University of Calif orniaj Berlceley 


EIGHT FIOUKES 


(Received for publication March 30, 1949) 

Magnesium has been shown to be an essential constituent 
of the diet for the mouse (Leroy, ’26), the rat (Kruse et ah, 
’32) and the dog (Orent et ah, ’32). Almquist (’42) reported 
that magnesium deficient chicks frequently passed into a con- 
vulsive state which sometimes terminated fatally. Duncan 
et al. (’35) have demonstrated that calves may succumb to 
magnesium tetany at almost any time after 30 days of age. 

When an attempt was made to rear baby chicks on highly 
purified diets (Bird, ’45), a peculiar disorder appeared which 
indicated that at least one essential nutrient was not ade- 
quately supplied by the ration. A subsequent report (Bird, 
’46) indicated that the symptoms of incoordination and con- 
vulsions which were found associated with a cerebellar lesion 
in chicks resulted from a suboptimum level of dietary mag- 
nesium. The present report describes both the syndrome which 
appeared in the chick and the neuropathology resulting from 
a deprivation of dietary magnesium. 

‘Prom a thesis submitted to the Graduate Division of the University of Cali- 
fornia in partial fulfillment of the requirements for the degree of Doctor of 
Philosophy granted in June, 1948. 

‘Present address: Eastern States Farmers’ E.vchange, Ine., Westbrook Labo- 
ratory, R.P.D, 3 , Rockville, Connecticut. 
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EXPERIMENTAL METHODS AND RESULTS 

Single-comb white Leghorn chicks were used in these stud- 
ies. They were removed from the incubators when one day 
old and placed in electrically heated metal battery brooders 
equipped with raised wire-screen floors. Either immediately 
upon hatching or after they were fed a commercial-type chick 
starter ration for 7 days, the chicks were wing-banded and 
segregated into experimental groups of equal weight and 
vigor. The diets and water were fed ad hbitum. The composi- 
tion of the diets and the histological procedures employed 
are given in the appendix to this paper. 

Clinical symptoms 

Chicks receiving the purified-type of diet, 3A, exhibited 
symptoms indicative of functional disturbance; i.e., poor 
growth and feathering, decreased muscle tone, squatting, 
ataxia, fine palpable tremors, forced movements, progressive 
incoordination of movements, convulsions, and death. 

Incidence. Signs indicative of the above condition were not 
observed in all of the chicks fed diet 3A. The incidence, based 
upon the number of chicks surviving the experimental period, 
varied from 63 to 100% (table 1). In the 25 experimental 
groups, 154 chicks or 93% of the” 166 chicks which survived 
the experimental period exhibited signs of functional disturb- 
ances. It can be observed in table 1 that the incidence was 
not influenced by season. This table also shows that the 
addition of 0.3% of magnesium sulphate to diet 3 A gave 
complete protection against the appearance of deficiency 
symptoms. 

Groivth. The data in table 1 indicate that diet 3A had an 
adverse effect on growth. However, the addition of 0.3% of 
magnesium sulfate (group 160) produced a growdh response, 
even though it was subnormal. 

Fxinctional disturbances. Symptoms of functional disturb- 
ances first appeared after the chicks had been fed diet 3A 
for 7 days. It was first noted that these chicks squatted more 
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T.VBLE 1 


The incidence of symptoine, the number of survivors, and 

chichs fed the magnesium deficient diet and the commercial-type control ration 


GEOUP DIET 1 
KO. NO. 


10 3A 
12 3A 

23 CE 

24 3A 
27 3A 
40 CR 


CmCKS ST.^RTED 


days 

..b, 5 » 

1944 7 7 


Mar. ' 
1944 7 


CHICKS SOttMVtKO THE gSPE RIHEKTAU PERIOD 
Tnfnl Sjmptoms Weight gam /bird 

no. 7 days 14 days 21 days 


6 100 

5 83 

0 0 


gin gm 

15 18 

13 17 

39 85 


45 

3A 


7 

9 

8 

8 

100 

33 

66 


47 

3A 

April 

7 

10 

10 

10 

100 

23 

50 


50 

3A 

1944 

7 

10 

9 

9 

100 

24 

47 


62 

CR 


7 

10 

10 

0 

0 

40 

93 


68 

3A 

July 

7 

10 

g 

9 

100 

21 

41 

63 

73 

CR 

1944 

7 

10 

10 

0 

0 

30 

80 

139 

76 

3A 

Dee. 

7 

9 

8 

5 

63 

16 

37 

60 

81 

CB 

1944 

7 

9 

9 

0 

0 

31 

87 

140 

84 

3A 

Feb. 

7 

10 

10 

10 

100 

16 

37 


88 

CR 

1945 

7 

9 

9 

0 

0 

17 

56 


93 

3A 

Aug. 

1 

10 

6 

6 

100 

11 

17 


96 

3A 

1 

10 

9 

9 

100 

13 

21 


101 

CR 

1945 

1 

10 

10 

0 

0 

10 

41 


106 

3A 

Aug. 

7 

5 

5 

4 

80 

23 

43 


111 

CB 

1945 

7 

5 

5 

0 

0 

22 

55 


112 

3A 

Sept. 

7 

13 

13 

13 

100 

23 

50 

76 

114 

3A 

7 

13 

12 

12 

100 

30 

59 

83 

115 

CR 

1945 

7 

13 

13 

0 

0 

35 

75 

136 

120 

3A 

Oet. 

7 

7 

7 

7 

100 

25 

44 


129 

CR 

1945 

7 

7 

7 

0 

0 

38 

98 


133 

3A 


7 

9 

7 

7 

100 

22 

45 

74 

135 

3A 

Dec. 

7 

9 

8 

7 

85 

29 

45 

68 

140 

CR 

1945 

7 

9 

8 

0 

0 

29 

80 

149 

141 

3A 

Feb. 

1 

16 

12 

10 

83 

15 

24 

28 

153 

CR 

1946 

1 

16 

16 

0 

0 

15 

43 

95 

154 

3A 


1 

10 

7 

6 

85 

13 

12 

14 

160 

3J 

^VLixr* 

1 

10 

9 

0 

0 

18 

38 

65 

165 

CR 

1946 

1 

10 

10 

0 

0 

12 

39 

87 

Total 

3A 



191 

166 

154 

93 





CB 122 121 0 0 


3A Purified-type of diet deficient in Mg, composition given in appendix. 
3J Diet 3A plus 0,3% magnesium sulphate. 

CR Commercial-type control ration. 
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than did those birds fed the commercial-type ration. Shortly 
thereafter a peculiar gait was observed, which could be char- 
acterized by the term “goose-step.” This became progres- 
sively worse until severely affected chicks could take only 
a few staggering steps. In handling these chicks, a loss in 
muscle tonus and the presence of fine, palpable, tonoclonic 
spasms of the body muscles were noted. Complete paralysis 
of the leg muscles did not occur, since a strong stepping re- 
fiex could he elicited even though a standing position was 
untenable. 

Convulsions were observed in many of the affected birds. 
These attacks appeared suddenly and unpredictably with no 
correlation between the severity of the clinical signs and the 
appearance of convulsions. A bird in a convulsive attack 
would exhibit propulsive or retropulsive movemnts, and 
would fall on its side with its legs fully extended and with 
its head retracted with or without t'wisting. If the chick did 
not succumb during the attack, it relaxed within 10 to 15 
seconds and remained in a comatose state for several min- 
utes, after which it recovered. Two or three separate con- 
vulsions have been observed in the same bird on successive 
days. 


Neuropathology of magnesium deficiency 

Gross tissue changes. The chick brains when removed 
from the cranial fossa showed no evidence of gross pathologic 
changes. 

Microscopic tissue changes. Microscopic tissue changes 
found in the cerebellums of magnesium deficient chicks con- 
sisted of degenerative alterations in the Purkinje cells which 
comprised swelling, nuclear changes, tigrolysis, and altera- 
tions in the staining characteristics of the dendrites. No 
microscopic changes were noted either in the medullary sub- 
stance or in the cells of the granular and molecular layers. 
Those portions of the deep cerebellar nuclei visible in these 
sections were normal. 
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An increase in the size of the Purkinjc cells was one of 
the striking consequences of magnesium deticieiicy. This may 
be noted in plate 1. The diameters of the Purkiuje cells were 
measured in both the normal and deficient chicks (sec ap- 
pendix). The values obtained from these measurements are 
tabulated in table 2, together Avith an analysis of variance 
to demonstrate the effect exerted on them by diet, age, and 

TABLE 2 


The mean size and the analysis of variance of PiirTcinjc cells from magnesium defi- 
cient and control chicks which have hec7i fed the expcrim^^ntal diets 
for two- and i-week periods 


MEIAK SIZE 

Chick age 

Average diameter of Purkinje cells ^ 


Diet 3A 


Commercial ration 


M 


A 


2 weeks 

17.1 ± 1.4 


15.2 ± 1.2 


4 weeks 

17.8 d: 2.0 


15.1 ± 1.4 


ANALYSIS OF VARIANCE 

Source of variance 

sq. 

df 

m.s. 

F. 

Total 

1,113.22 

299 

3.72 


Between diets 

403.07 

1 

403.07 

169.35 " 

Within diets 

710.15 

298 

2.38 


Between ages on same diet 

16.14 

2 

8.07 

3.45 

Within ages on same diet 
Between chicks of same age 

694.01 

296 

2.34 


on same diet 

16.13 

8 

2.01 

1.17 

Within chicks of same age 





on same diet 

677.88 

288 

2.35 



^ Seventy-five cells were measured in each group. 
* Highly siginificant at 1% level. 


error. As can be seen, there is a measurable increase in the 
Purkinje cell size in the magnesium deficient animals. The 
average diameter of these cells was 2.4 a larger than the 
average diameter of the normal cells. The analysis of variance 
clearly indicates that the swelling of the Purkinje cells ob- 
served in magnesium deficiency was a true increase, and that 
this increase Avas due to the diet fed, since the effects of age 
and of error were negligible. 
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Under tlie low power roagniSeation of tlie microscope 
(120 X ) the Nissl substance in normal Purkinje cells ap- 
peared to fill the cell body and to project as a point into the 
cell dendrites (fig. 1, plate 1). Under higher magnification 
(528 X)j the Nissl substance was observed to be composed 
of discrete bodies (fig. 3, plate 2). These bodies appeared as 
rounded or elongated or ellipsoid masses which overlapped 
one another. They were more numerous around the nucleus 
and in the region adjacent to the cell membrane. A narrow 
zone midway between the nucleus and the cell membrane was 
devoid of Nissl substance. The nucleus was capped by Nissl 
substance, which projected into the dendrites. 

Apparent changes in the Nissl substance due to magnesium 
deficiency could be detected under low power magnification 
(fig. 2, plate 1). The Nissl substance did not appear as in- 
tensely stained as it did in the normal Purkinje cells. This 
might have been due in part to the swelling, which pushed 
the Nissl concretions away from one another and brought 
more cytoplasm into view. That portion of the Nissl sub- 
stance which normally projected into the dendrites was not 
visible. 

Under higher magnification it was observed that the Nissl 
substance itself was altered by a magnesium deficient diet (fig- 
4, plate 2). Within any one microscopic field, Purkinje cells 
were observed with the Nissl substance in various stages of 
disintegration — I’anging from a slightly greater than normal 
dispei'sion of the tigroid bodies to their complete disappear- 
ance.. Ghost-like cells were visible which showed only the out- 
lines of the cell and of its nucleus. 

A change in the staining characteristics of the Purkinje cell 
dendrites was noted in the magnesium deficient chick. This 
change was brought out in sections stained by the Bodian 
protargol impregnation technique. A photomicrograph of a 
normal cerebellar section stained by this procedure is shown 
in figure 7, plate 3, where one may observe the ramification 
of the Purkinje cell dendrites out to the very edge of the 
molecular layer. In the cerebellums from the magnesium de- 
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ficient chicks the Pui’kiiije cell dendrites and their associated 
cUinhing fibers were not stained by the protargol impregna- 
tion (fig. 8, plate 3), whereas the basket cells and their axons 
were stained. 

Nuclear changes were observed in the Purkinje cells in 
magnesium deficiency. The Bodian protargol impregnated 
sections best demonstrated these changes, although they were 
visible in sections stained with hematoxylin and eosin (figs. 
5 and 6, plate 2). In the protargol preparations the noi’mal 
Purkinje cell nucleus appeared as a slightly ovoid mass of 
finely granular material which contained one or two nucleoli 
(fig. 7, plate 3). In contrast, the nuclear material in the mag- 
nesium deficient animals contained lighter stained areas, was 
composed of larger granules and appeared to be pulled away 
from the nuclear membrane (fig. 8, plate 3). 

DISCUSSION 

The form and character of the Nissl substance have been 
used in the diagnosis of neuropathologic processes ever since 
Nissl (’03) published his classification of nerve cells based 
upon Nissl substance morphology. Even though formed Nissl 
granules have not been satisfactorily demonstrated in living 
cells (Penfield, ’32), and even though the validity of diagnoses 
based upon changes in Nissl substance morphology has, at 
times, been seriously questioned, it is generally accepted that 
changes in the health or vigor of the nerve cells are reflected 
by changes in the appearance of the Nissl granules. Both 
Einarson (’35) and Kappers et al. (’36) believe that these 
granules and their reaction to toxins and fatigue establish 
the existence of a substance within the living cell, vital to its 
effective functional activity, which is indicated — although 
not directly represented — ^by the stainable Nissl substance 
of fixed material. 

Cowdry (see Kappers et ah, ’36) has indicated that dif- 
ferences in the size and in the appearance of the Nissl sub- 
stance is to be expected in similarly fixed matei-ial and even 
in cells side by side in the same material. Differences in the 



20 


FRANCIS H. BIRD 


size of nerve cells of the same type have also been demon- 
strated. It cannot be said that abnormal Purkinje cells were 
never seen in the normal cerebellums under discussion, or 
that Purkinje cells approaching normal limits in size and 
staining’ characteristics were never seen in the magnesium 
deficient chicks. That this is not a serious objection is well 
exempMed by the measurements of cell size given in table 
2. Here it is shown that there was some overlapping of the 
upper distribution of cell measurements for the normal cells 
and the lower distribution for the abnormal cells. Their ovei’- 
lapping was of little practical significance, however, since 
the results obtained by measuring a relatively few numbers 
of Purkinje cells were highly significant. Differences in Nissl 
staining were also observed within any one section, support- 
ing Cowdi'y’s observation. In normal cerebellar sections some 
Purkinje cells were observed in which the Nissl substance 
was apparently undergoing changes similar to those seen 
in the magnesium deficient cerebellums. However, these ab- 
noimal-type cells seen in normal brains were few in number 
and scattered. On the other hand, only a few normal-type 
Purkinje cells were seen in the magnesium deficient animals. 

The clinical s3mptoms observed in the magnesium deficient 
chicks can be correlated very well wdth the microscopic pa- 
thology. It is well known that cerebellar disease may be 
manifested by such symptoms as marked disturbance of 
equilibrium -with ataxia, falling and staggering gait, inco- 
ordination of movements, tremor and hypotonia (Kappers 
et al., ’36; Tilney and Riley, ’38; Larsell, ’39). These symp- 
toms of cerebellar disease were observed in the magnesium 
deficient chicks. The mossy and climbing neiwe fibers in the 
cerebellum, though having a different distribution within this 
organ, conduct impulses from other parts of the central 
nervous system to the cerebellar cortex and activate the 
Purkinje cells. The activated Purkinje cells, in turn, conduct 
the nervous impulse out of the cerebellar cortex and exert 
effects on other regions of the central nervous system. Thus, 
disturbance m Purkinje cell function wall affect those regions 
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of the central nervous system under cerebellar control and 
will be manifested clinically as cerebellar disease. Tbe altera- 
tions in tbe Purkinje cell structure observed in magnesium 
deficiency indicated functional impairment of these cells. This 
functional impairment bad necessarily become apparent in 
tbe clinical symptoms of magnesium deficiency, signs indi- 
cative of cerebellar disease. 

SUMM.VRY 

The results of clinical and neuropatbologic studies of mag- 
nesium deficiency in tbe growing chick have been presented. 

Clinically, magnesium deficiency in the chick is charac- 
terized by poor growth and feathering, decreased muscle 
tone, squatting, ataxia, fine palpable tremors, progressive 
incoordination of movements, convulsions, and death. 

A description is presented of the neuropatbologic altera- 
tions which were found in the cerebellar Purkinje cells of 
magnesium deficient chicks. These changes were characterized 
by swelling, by tigrolysis, by nuclear alterations, and by fail- 
ure of the Purkinje cell dendrites to stain. There was no evi- 
dence of gross pathologic changes. 

The neuropathology is correlated with the clinical symp- 
toms. 

ADDENDUM 

Since the publication of this complete study in the thesis sub- 
mitted to the Graduate Division of the University of California, in 
partial fulfillment of the requirements for the degree of Doctor of 
Philosophy granted in Jime, 1948, a report has been published in- 
dicating that similar pathologic changes were observed in the cere- 
bellums of magnesium-deficient rats (Barron et al., ’49). 

APPENDIX 

Composition of the diets. Diet 3A, which supplied only about 
one-half of the chick’s magnesium requirement, was utilized in most 
of this study. It had the following composition in grams per 100 gm : 
water-washed casein 22,2, L-arginine monohydrochloride 0.3, glycine 
0.9, L-cystine 0.4, calcium gluconate 5.0, cellulose ^ 5.0, 'soybean oil 

’Cellu flour purchased from the Chicago Dietetic Supply Company. 
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3.0, fish oil*^ 0.25, sodium chloride salt mixture ^ 1,0, Ca 3 (P 04 )o 
3.5, K 2 HPO 4 1.3, KCl 0.3, MgS04 ’ HoO 0.1, NaoSiOa • OHoO 0.25, cho* 
lie acid 0 . 1 , choline chloride 0.2 and glucose « 56.2. To every 100 gm 
of the above mixture were added; solubilized liver eluate equivalent 
to 4 gm of solubilized liver, thiamine hydrochloride 0.5 mg, pyri- 
doxine hydrochloride 0.4 mg, riboflavin 0.5 mg, calcium pantothenate 
(dextrorotatory) 1.5 mg, nicotinic acid 1.0 mg, 2miethyl-l, 4 -naph- 
thohydroquinone diacetate 1.0 mg, alpha-tocopherol 1.0 mg, and 
biotin’’ 0.01 mg. 

The solubilized liver eluate was prepared by extracting 1 ig of 
solubilized liver ^ 4 times with two-gallon portions of water brought 
to pH 4 with sulfuric acid. The solids were allowed to separate by 
gravity and the supernatant fluid was removed by means of a 
siphon. The clear extract was then treated twice with 250 gm por- 
tions of charcoal ^ at pH 4. The charcoal was removed by filtration 
and eluted with a solution of 60% acetone and 40% water con- 
taining 2 % concentrated NH 4 OH. The removal of the acetone and 
the concentration of the eluate were effected by distillation hi 
vactto. 

Histological methods. Individual chick brains were studied histo- 
logically. The chicks were killed by decapitation and their brains re- 
moved immediately. The brains were exposed by cutting through 
the external sagittal groove of the skull and chipping away the 
bone covering the dorsal and lateral surfaces. After the brains were 
freed from the ventral surfaces of the cranial fossae by sectioning 
the cranial nerves, they were immediately placed in the fixing solu- 
tion, During the process of their removal the brains were subjected 
to the least possible amount of manipulation and were bathed with 
an 0.85% solution of sodium chloride to minimize dehydi'ation 
effects. 

In the early phases of this study, Bouin’s fluid was employed 
routinely as a fixing agent. Later, when sections were to be impreg- 
nated with silver, the brains were fixed in the following solution: 

^Fortified sardine oil containing 3,000 I.U. of vitamin A and 400 A.O.A.C. 
units of vitamin D per gram. 

The sodium chloride salt mixture contained 96.471% sodium chloride, 0,49% 
manganese, 0.1% iron, 0.5% copper, 0.05% zinc, 0.05% aluminum, 0.002% co- 
balt, and 0.04% iodine. 

® Cerelose. 

The crystalline biotin, was donated by Merck and Company, Inc. 

Lher fraction donated by Wilson Laboratories, Chicago, Illinois. 

ITuchar “C-45’* obtained from the Industrial Chemical Sales Co., Covington, 
Virginia. 
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37-40% formaldehyde (U.S.P.) 100 ml, distilled ^valer 900 ml, 
sodium chloride 8.5 gm, and magnesium carbonate 1.0 gm.^^^ 

The fixed material ^va.s embedded in paraffin and parasagittal sec- 
tions of the brain 'svore cut at S /x to include regions of the cerebral 
cortex, cerebellum, pons, and medulla oblongata. 

These sections were stained with hematoxylin and cosin and with 
tohiidin blue by the procedure recommended by !McCliing (^29). In 
later studies, sections were also stained by a modified Bodian 
protargol impregnation technique (Bodian, ’36, ’37).^- 
The measurements of the Purkinje cells were made on toluidin 
^blue stained sections with a calibrated Spencer ocular drum microm- 
eter. Twelve slides were examined. These included three slides 
selected at random from each of the following 4 dietary groups : 
(a) chicks fed diet 3 A for two weeks; (b) chicks fed the commercial- 
type ration for two weeks; (c) chicks fed diet 3A for 4 weeks; and 
(d) chicks fed the commercial-type ration for 4 weeks. The diam- 
eters of 25 consecutive Purkinje cells were measured. The cell di- 
ameter parallel to the boundary between the molecular and granular 
layers was chosen to represent the diameter of the cell because the 
point of attachment of the dendrite with its cell body could not 
always be seen, and thus it was not possible to fix accurately the 
true cell orientation. It was recognized that these measurements did 
not necessarily represent the true size of the cell. However, since all 
of the measurements were consistently made in the same way, their 
use for comparative purposes was considered to be valid. 
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PLATE 1 

EXPLANATION OP FIGURES 

Photomicrographs of parasagittal sections cut from paraffin embedded cbitk 
cerebellums, (a) Molecular layer, (b) line of Purkinje cells, (c) granular 
Stain, toluidin blue, X 315. 

1 From chick no. 2757 fed the commei’cial-type control ration. The Purkinjo 

cells are of normal size and their Nissl substance has a normal distribution 
'vvithiu the cells. ^ . 

2 From chick no. 2676 fed the inagnesiuni deficient diet 3 A. The Pmkinj^^ 

cells are swollen and their Nissl substance shows chroma tolysis. « 





plate 2 

EXPLANATION OF FIGURES 

Photonuciogiaphs of Purkinje cells from normal and magnesium deficient 
chicks, X 1100. 

3 Prom chick no. 2604 fed the commerciaLtype control ration. The cells are 
o normal size. The Hissl granules are normal in appearance and have a normal 
distribution ^vHhin the cell. Stain, toluidin blue. 

4 Prom chick no. 2446 fed the magnesium deficient diet 3A. The cells are 
suoUen, The ^issl granules sho-vv chromatolysis ajid have an abnormal distribu- 
tion within the cells. Stain, toluidin blue. * 

5 ^Normal cells seen in chick no. 2604 fed the commercial-type control ration, 

he nuclear material has a normal appearance. Stain, hematoxjdin and eosin. 

6 Abnormal cells seen in chick no. 2446 fed the magnesium deficient diet 3A. 

le cells are swollen. The nuclear material has lost its connection with the nu- 
clear membrane. Stain, liematoxylin and eosin. 




PLATE 3 


EXPLANATION OF FIGURES 

Photomicrographs of parasagittal sections cut from paraffin embedded chick 
cerebellums stained by the Bodian protargol impregnation technique, X 3lo. 

7 From chick no. 3620 fed the commercial-type control ration. The Puikmjc 

cells are of normal size and their dendrites and nuclei show normal stainnit, 
characteristics. . . 

8 From chick no. 3579 fed the magnesium deficient diet 3 A. The Pui 'ii j 
cells are swollen and their dendrites fail to stain. The Purkinje cell s 
contain light staining areas and the nuclear material appears to be sepai.^ 
from the nuclear membrane. 
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The occurrence of renal lesions in ^sreanling* lats fed a diet 
deficient in choline was first reported by Griffith and Wade 
(^39). Degeneration of the kidney tubules associated mth 
cortical hemorrhage developed in these animals after a few 
days on a deficient diet and could be prevented by amounts 
of choline too small to influence the deposition of fat in the 
liver. Spontaneous repair of the kidney damage occurred, 
furthermore, without the addition of choline to the diet if the 
animals survived the period of severe uremia (Griffith, ’40). 
Griffith and Wade noted that the renal lesion was accompanied 
by acute involution of the th 3 rmus and suggested that this 
phenomenon could be the result of a generalized adaptive 
reaction to stress (the “alarm reaction” of Selye).^ In the 
present paper studies are reported on the interrelationships 
of the kidney and adrenal cortex during the course of acute 
choline deficiency in weanling rats. 

^ This work was supported in part by grants-in-aid to the Department of Nu- 
trition from the Nutrition Doundation, Inc., New York, and the Milbank Me- 
morial Fund, Inc., New York, and to the Department of Anatomy from the 
American Cancer Society on the recommendation of the Committee on Growth 
of the National Eesearch Council. 
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In the rat it appears that the zona fascieulata of the adrenal 
cortex secretes hormones of the corticosterone type (Ch-oct 
steroids concerned with carbohydrate and protein metabolism) 
and that the zona glomerulosa secretes hormones of the de- 
soxycoi ticostei one type (Cn-desoxy steroids concerned with 
salt metabolism^ and renal function). During the typical 
a ap ation i eaetion only the fascieulata of the adrenal cortex 
is affected (Deane and McKibbin, ’46; Deane and Shaw, ’47). 
^ ecame of interest, therefore, with regard to choline de- 
ciency in young rats, to discover (1) the relative response 
0 e two zones of the cortex to acute renal damage; (2) the 
ime 1 e ation between changes in the adrenal cortex and the 
1 ney as a guide to determining cause and effect; and (3) 
e egiee of correlation between histological changes in the 
1 ney and changes in kidney function during the development 
ot the renal lesion. 

The general plan of these experiments was to kill choline- 
e cient lats at intervals during the development and regres- 
Sion of the renal lesions. In addition, some of the deficient 
amma s leceived daily injections of desoxycortieosteroiie or 
woe adienal extract in order to reveal whether or not 
oimone supplements would alleviate the kidney damage. 

, microscopic appearance of the adrenals and 

''1 neys, in the levels of blood non-protein nitrogen, serum 
so and potassium, urinary sodium, potassium, creatinine 
anc g ycocy amine ; and in the respiration of kidney slices 
were determined. 


material methods 

Weanling male rats of the Sprague-Dawley and Long-Evaiis 
s lains, weighing between 35 and 45 gm, were used in these 
significant ditferences in the susceptibility 
o e two stiains to choline deficiency were observed. The 
rats %v^re divided into experimental and control groups, and 
the deficient animals were fed the following purified diet;- ah 

’Our thanks are due Merck and Co., Inc., Rahway, XT. L, the Corn Industries 
esearch Foundation, New York, and the Sheffield Farms Co., Inc., New York, 
tor generous supplies of materials used in the diets. 



ADllEXAL CHANGES WITH UENAL LESIONS 


33 


coliol-extracted peanut meal 20% ; casein 6% ; dextrose 64.8% ; 
salts (Hegsted et al., ’41) 4%; cod liver oil 2%; and corn 
oil 3%. Crystalline vitamins of tlie B complex were added 
in the following amounts per 100 gm ration ; thiamine 400 pg, 
riboflavin 800 pg, nicotinic acid 2 mg, pyridoxine 400 pg, and 
calcium pantothenate 2 mg. The control rats were fed the 
same diet with choline chloride added at a level of 0.3%. 
This diet supplies 0.3% methionine, 0.5% cystine, 0.2% total 
organic sulfur, 0.26% sodium and 0.72% potassium. Growth 
rates and food consumption were recorded in all experiments. 
In experiments 2 and 3 (see below) the rats were maintained 
in metabolism cages with outside feeders and water bottles, 
and continuous urine collections were made. The urinals were 
9-inch evaporating dishes which were screened to separate 
feces from the urine. 

Three experiments were performed. In experiment 1, which 
lasted 13 days, 24 deficient and 10 control rats were used. 
Half of the deficient and half of the control rats were given 
subcutaneous injections of 1 cm^ of aqueous beef adrenal ex- 
tract ® in two divided doses each day. This quantity of hoi'- 
mone will sustain growth in immature adrenalectomized rats 
(Olson et al., ’44). Animals were killed every other day. 
Experiment 2 lasted 13 days also. Twenty-four rats were 
used, of which 16 received the deficient diet and 8 the control 
diet. Half of the experimental and half of the control animals 
received 0.5 mg desoxycorticosterone acetate in oil once daily. 
This amount of hormone will more than sustain normal 
growth in immature adrenalectomized rats (Olson et al., ’44). 
Animals were killed at two-day intervals. In experiment 3 
the rats were given no hormone treatment. Eighteen rats 
were started and 9 were killed — two from the deficient and 
one from the control groups at 18, 42 and 88 days, respectively, 
after the beginning of the experiment. 

The animals were killed by decapitation and the blood was 
collected in a tube containing oxalate as an anticoagulant. 

*We are indebted to Dr. Dwight J. Ingle of the Upjohn Co., Kalamazoo, 
ilieh., for supplying us with the adrenal cortical extract. 
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Body -weigM and the weights of the two kidneys, the thymus, 

and the two adrenals were recorded. t t • ■ 

The following chemical procedures were employed. Liver 
fat (total chlorofoi'm-soluble lipid) was determined by e 
method of Channon, Platt and Smith (’37) ; blood non-protem 
nitrogen by the method of Polin and Wn ( ’19) ; seium so mm 
and potassium on the Perkin-Elmer flame photometer (mode 
52) with an internal lithium standard;" urinary sodium and 
potassium on the flame photometer and in 
sodium according to the chemical procedure of Butler ai 
Tuthill (’31); urinary creatinine by the alkaline 
method of Lambert (’45); and urinary glycocyaiunje by ^ 
modification of the procedure of Dubnoff^ and Borsoo ( )• 

In experiment 1 the oxygen consumption of ki ney 
was measured by the direct method of "Warburg, w 
and filter paper in the center well. The whole ^ 
chilled immediately after killing the animal. Slices ot iaa j 
cortex, 0.5 mm thick, were cut and placed in chilled, 
phosphate-saline of the following composition : ^ ’ 

KCl 0.004 M, CaCL 0.001 M, MgCL 0.005 M, Na.HPO^: i 
PO 4 0.0075 M, and glucose 0.2%. The pH of ^ 

7.4. The slices were then transferred to Warburg fla 
tainiiig 3.0 cm^ of this same medium, and the conten s 
equilibrated with 0,. The cocks then were 
consumption was measured for one hour at Si ■ 
weight of the tissue was determined after desiccation a 
for two hours. The rate of oxygen consump ion ^ 
expressed as Qo 2 j i-e., the number of micioli eis 0 ® 

consumed per milligram of dry weight of tissue 

For microscopic study, the adrenal glands an ‘ 
slices of kidney were fixed in 10% neutralized 
malin. Other slices of kidney were placed in a Zeniiei- 

mixture. In a few instances slices .L menti- 

in formol-calcium and in “weak” Bouin’s fluid foi 
fication of phospholipids (Baker, ’46). 

‘Litliiuni standard: 15 mEq/L of lithium in diluted samples 
mEq/L of sodium or potassium. 
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The blocks fixed in foi'inalin were washed in running tap 
water for one hour, sectioned on the freezing microtome at 
15 [1 and pi'epared by a group of methods used for character- 
izing lipid substances (Deane, Shaw and Greep, ’48 ; Dempsey, 
’48). Lipid droplets in the adrenal cortex displayed all of 
the reactions characteristic of droplets in the steroid-pro- 
ducing glands, i.e., sudanophilia, a positive Schitf reaction 
without pre-treatment with mercuric chloride, birefringence 
and a greenish-white autofluorescence. Those occurring in 
the kidney were sudanophilic only and were therefore judged 
to be triglycerides. 

The slices of kidney fixed in Zenker-formalin were post- 
chromated and embedded in paraffin ; sections were cut at 3 m 
and stained for 48 hours with Mallory’s phospho tungstic acid 
hematoxylin for mitochondria. In addition, deparaflfinized 
sections of some of the most damaged kidneys were examined 
under the fluorescence microscope. 

Sections of kidney fixed in formol-calcium were postchro- 
mated and stained with acid hematein according to the method 
of Baker (’46). The control preparations, fixed in “weak” 
Bonin’s fluid, were extracted with pyridine before mordanting 
and staining. Those substances staining in the first prepara- 
tion but not in the second are considered to be phospholipids. 
The most conspicuous sti’uetures presenting this reaction in 
•kidney are mitochondria. 


EESULTS 

Acute choline deficiency, with fatty liver and enlargement 
and congestion of the kidneys, occurred in all of the experi- 
mental animals fed the deficient diet for 5 days or more. Ap- 
proximately 15% of the experimental animals died during 
the acute phase of the renal disease. Choline-deficient rats 
given adrenal hormones (either desoxycorticosterone acetate 
or whole adrenal extract) showed no detectable differences 
from untreated deficient rats, and consequently the data for 
all experimental animals have been pooled for the following 
descriptions. 
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Gross and chemical changes in 
acute choline deficiency 

Altboug'h many of the renal changes in choline deficiency 
have been described by other investigators, a summary of our 
findings is submitted for the purpose of relating them to the 
concomitant changes in the adrenal cortex. The kidneys of 
the deficient rats began to enlarge on the 4th or 5th day and 

TABLE 1 

Changes in Sidney sizej ihe resgiration of slices of hidney cortex and the 
gross appearance of ihe kidney in W€a7ilmg rats fed a choliiie-deficient 
diet as compared to their controls (exp. 1) 


DAYS OX 

DIET 

xo. 

RATS 

SfEAX 
BODY WT. 

KIDXEY WT.. 
% BODY WT. 

KIDXEY 

GLUCOSE 
11.1 mM/ii 

bexal 

cox* 

GE STICK ^ 

BEXAL 
ischemu ' 

0 

2 

33 

1.16 

19.4 

0 

0 

3 

3 

52 

1.18 

20.5 

0 

0 

5 

3 

52 

1.40 

18.7 

2+ 

0 

6 

3 

62 

1.55 

16.4 

2+ 

0 

7 

3 

51 

2.10 

11.0 

4-f 

0 

9 

4 

47 

2.77 

8.6 

4+ 

l-h* 

11 

2 

53 

1.96 

10.0 • 

1-h 


12 

2 

70 

1.63 

13.8 

0 

3+ 

13 

3 

72 

1.16 

13.3 

0 

2+ 

11-13 

3 

97 

1.05 

18.1 

0 

0 


* The degree of congestion and ischemia was determmed hy gross inspection of 
the kidneys. 

“Indicates that pale areas occurred on the surface of the congested kidney. 

® This group was fed the control purified diet during the experimental period. 

attained a maximum size on the 9th day of 2.74% of body 
weight (range: 2.24-3.19%). Congestion of the renal cortex 
and suhscapular hemorrhage appeared on the 5th day and 
increased pari passu with kidney enlargement (table 1). After 
the 9th day the kidneys began to decrease in relative size and 
became pale and ischemic. Proportional kidney weight was 
restored nearly to normal in the deficient animals after 13 
days of deficiency. 
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With the onset of renal damage, food consumption declined 
and the animals lost weight (fig. 1). The weight of the paired 
adrenal glands increased from an initial 31.2 mg to 46.6 mg 
per 100 gm rat body weight on the 9th day. (The absolute 
weights of the adrenals rose from 15.6 mg at zero days to 23.4 
mg at 9 days.) Jylarked thymus atroijhy coincided with the 
greatest enlargement of the adrenals. After the 9th day the 
weights of both the thymus and the adrenals returned toward 
normal and by the 18th day had attained sizes proportionately 
comparable to those of the control rats. Liver fat, initially 
4.1^ of the fresh liver wmight, rose to 21.1% at 5 days, de- 
clined to 12.8% on the 11th day, and returned to 21.7% on 
the 13th day. The transient decline of liver fat during the 
period of acute renal damage was probably due to the inani- 
tion which supervened at this time. 

Both water consumption and urine production decreased 
during the phase of renal damage. The excretion of sodium 
and potassium reached a minimum at 9 to 11 days (table 2; 
fig. 2) ; at the same time the serum levels were increased — 
sodium from 149 to 155 mEq/L and potassium from 6.3 to 
9.0 mEq/L. The excretion of creatinine (expressed in terms 
of milligrams of creatinine excreted per kilogram of rat per 
day) declined 35% during the period of acute renal degenera- 
tion. The excretion of glycocyamiue, on the other hand, showed 
a phasic variation. As is shown in table 2, the glycocyamine 
coefficient (milligrams of glycocyamine excreted per kilogram 
of rat per day) increased in the early stages of the deficiency 
(zero to 4 days) but declined sharply to about half that of 
normal during the period of renal failure. Blood non-protein 
nitrogen began to increase at the onset of enlargement of the 
kidney and reached its highest value of 285 mg% on the 11th 
day (fig. 2). All of these indices of renal function had re- 
turned essentially to normal by the 13th day of deficiency. 

The respiration of slices of kidney cortex in vitro remained 
normal during the first 5 clays of the deficiency (table 1). 
Thereafter there was a marked decrease in oxygen consump- 
tion, the Qoo declining from a control value of about 19 to 
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8.6 on the 9t]i day. During the next few days the oxygen con- 
sumption increased but was still significantly below normal 
on the 13th day when the experiment was terminated. 



Eig. 1 Changes in body weight and proportional size of the hi 
renals and thymus of -weanling rats fed a low choline diet and of their 
Values for deficient animals, solid circles; values for controls, open circ 
point represents average data, compiled from all three experiments, for 
10 rats. 


amesal ouaa-ges with 

T-VBLB 2 
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VALUES IN MO TEE KO HAT TElt DAY 


•UBIKABT 

CONSTITUENT 


NO. BATS 


Control Deflcient ^ontroT 


0-1 DAYS 


9-11 DAYS 


Dcftcicnt Control Deficient 


Sodium 

Potassium 

Creatinine 

Glycocyamine 


10 

10 

10 

10 


16 

16 

20 

20 


217 

988 

36.0 

14.4 


258 

937 

35.8 

27.6 


254 

853 

36.2 

14.1 


125 

398 

23.5 

7.9 



Fig. 2 Changes in sodium intake, serum sodium, sodium excretion, and blood 
non-protein nitrogen in ^veanling rats fed a low choUne diet and “ 
trols. Values for deficient animals, soUd circles; values for con ro s, p • 

With the exception of the serum sodium values, which are m^vidual rats eac 
point represents average data taken from experiments 2 and 3 for two to 10 rats. 
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Cytological changes in kidney and adrenal 
in acute choline deficiency 

Kidney. Between the third and 5th days small, infranuclear 
droplets of fat appeared in the tubular cells of the kidney; 
these were most common in the proximal segments but oc- 
curred also in some distal segments. The amount of fat in- 
creased rapidly until the 9th day, with both the enlargement 
of droplets and the involvement of new tubules (figs. 8, 10 
and 11, plates 1 and 2). Between the 5th and 7th days con- 
gestion of blood appeared in the peritubular plexuses; Hart- 
roft ( ’48) has demonstrated that this congestion results fi’oin 
blood stasis. By the 9th day hemorrhage beneath the capsule 
and stasis throughout the coi'tex were conspicuous (figs. 4, 9 
and 11, plates 1 and 2). Following the development of blood 
stasis, tubular degeneration occurred in the involved areas. 
Mitochondria disappeared entirely from tubular cells im- 
mediately under the capsule where hemorrhage had occurred 
(figs. 4 and 9), whereas deeper in the cortex mitochondria were 
still recognizable but appeared fragmented and sparse, as is 
shoAvn in figures 7 and 8, plate 1. Sections prepared by the 
Baker method showed a comparable fragmentation and dis- 
appearance of the mitochondria. Figures 3 and 6 illustrate 
the appearance of mitochondria in the normal kidney. 

Casts developed in the lumens of the tubules, not only in 
collecting tubules but in the distal and pi'oximal segments 
as well (figs. 4, 7 and 8, plate 1). The cast material was only 
faintly sudanophilie (fig. 11, plate 2), did not contain phos- 
pholipids identifiable by the Baker method, and stained with 
phosphotungstic acid hematoxylin, the color ranging from 
pink to dark purple. Similar droplets were present in the api- 
cal cytoplasm of the cells of the proximal tubules (figs. 8 and 
9, plate 1). When unstained sections were viewed under the 
fluorescence microscope, the casts and intracellular droplets 
emitted a deep reddish-brown fluorescence similar to that ot 
the static blood ; when stained with acid hematein after e.N- 
traction with pyridine, the cast material was blackened in « 
fashion identical to the erythrocytes. It seems probable, there- 
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foi-e, that the east material eousisted m part of hemoglobin 

or liemoglobin derivatives. vnctni-od nuite 

After the 9tli day, the kidney circulation ^lly 

suddenly, and the static and extravasated ^ 
disappeared. By the 13th day all cast matciial ha 
moved and fat had diminished in all hut a few neci o c tnhules 
immediately helow the capsule (fig. 12, plate ..)• T 
near the medulla appeared virtually norma thos n the 
peripheral third of the cortex continued o ac ei ‘ 

mitochondria (fig. 5, plate 1). The 

of the kidney was not studied heyond the 13th day of 

CO, (err. The adrenal cortices of rats ^ “m- 
plete purified diet appeared entirely noima ( qS. > 

plates 2 and 3). In deficient animals the cortex began 
broaden on the 5th day and continued to enlarge concomit- 
antly with the increase in kidney weight. This broadening and 
the increase in adrenal weight mentioned eai Tiq 

principally a thickening of the faseiculata ( gs.^ an , 
plate 3), although the glomerulosa also became wider. As e 
faseiculata hypertrophied, the lipid droplets wi in i s ce s 
became small and the biref ringent pai tides uni m y ne 
(fig. 14, plate 2). This zone returned to normal mdth on the 

11th day. , 

The changes in the glomerulosa were even more Remark- 
able than those of the faseiculata. By the 5th day the lipid 
droplets in this zone were greatly reduced in number ( g. 
17, plate 3). At 7 days the droplets appearing in this zone 
were small in size (fig. 18, plate 3). At 9 days, the time of 
maximum renal enlargement and hemorrhage, the zone had 
broadened conspicuously and its lipid had all but vanished 
(figs. 14 and 19, plates 2 and 3). Subsequently small droplets 
returned (figs. 15 and 20, plates 2 and 3). although the zone 
remained somewhat thickened through the 18th day. Both 
the glomerulosa and faseiculata were normal in appearance by 
the 42nd day of deficiency (fig. 21, plate 3). 
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DISCUSSION 

Kidney damage 

The pathogenesis of the hemoi’rhagic kidnej’" in acute choline 
deficiency in young I’ats is not entirely clear, despite the 
contributions of several investigators (Gyorgy and Goldblatt, 
’40; Engel and Salmon, ’41; Christensen, ’42; Hartroft, ’47, 
’48; and Dessau and Oleson, ’47). In reviewing the develop- 
ment of the kidney lesion, it is our purpose to correlate the 
cytological changes observed by us and by others with changes 
in renal function and simultaneous changes in the adrenal 
cortex. All investigators agree that the initial lesion in the 
kidney cortex is stasis caused by blockage of the capillaries 
around the tubules rather than by any change in the glom- 
eruli. According to Hartroft, this blockade is caused by fatty 
infiltration of the tubular cells, in consequence of which they 
swell and occlude the vessels of the peritubular plexuses. 
Our observations are entirely compatible with this explana- 
tion. Since Patterson, Keevil and McHenry (’44) found a 
decrease in phosphatide turnover, as measured with P32> 
the kidneys from young choline-deficient rats, the fatty in- 


filtration may result from this decrease in turnover. 

Secondary pathological changes develop after stasis an 
the resultant anoxia have occurred, as evidenced both by the 
decrease in oxygen consumption of kidney slices in vitro and 
by the fragmentation and even disappearance of initochon- 
dria in the tubular cells. Under conditions of anoxia, Hag- 
mentation and dissolution of mitochondria have previously 
been observed both in kidney and liver cells (Emmel, ’40, 
Deane, Nesbett, Buchanan and Hastings, ’47). Furthermore, 
the hemorrhage and stasis apparently result in hemolysis 
and the passage of hemoglobin into the lumens of the tubules, 
where it forms casts. A similar mechanism for cast forma- 
tion has been described in other experimental situations by 
Monke and Yuile (’40) and Oliver (’44). Droplets of cas 
material in the supranuclear cytoplasm of proximal tubu e 
cells are believed indicative of resorption (Gerard, ’36; Sme- 
tana and Johnson, ’42). 
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During the period of stasis and hemorrhage, renal func- 
tion is markedly depressed, as indicated by oliguria, nitrogen 
retention, and a decrease in the excretion of sodium, potas- 
sium, creatinine and glycocyamine. With, greatest kidney 
damage the creatinine excretion fell 35%. Since the rat ex- 
cretes creatinine by way of the glomeruli (Friedman, ’47), 
and since the excretion is unaffected by starvation or lack of 
dietary methyl groujis (Olson, Eder and Stare, ’47), this re- 
duction in creatinine excretion suggests a decrease in effec- 
tive filtration. A similar conclusion may be drawn from the 
changes in the excretion of electrolytes. The excretion of 
sodium and potassium was depressed by comparable amounts 
(about 50%), an effect unlike that induced by adrenal hor- 
mones. Moreover, in deficient rats given exti'a desoxycorti- 
costerone acetate (0.5 mg/day), the excretion of sodium was 
not significantly changed from that of uninjected animals. 
In addition, Griffith (’41) found a similar decline in the ex- 
cretion of phenol red, which is excreted chiefly by the tubules. 
All of these facts are consistent with the view that in acute 
choline deficiency whole nephrons are inactivated as a result 
of the blood stasis. 

The excretion of glycocyamine, a compound synthesized 
by the tubules, was depressed more than was creatinine ex- 
cretion during the period of maximum kidney damage. The 
studies of Borsook and Dubnoff (’40), Du Vigneaud et al. 
(’40) and Bloch and Schoenheimer (’41) indicate that gly- 
eocyamine is formed in the kidney from arginine and glycine 
and is then methylated to creatine in the liver. In adult rats 
deficient in methyl groups but without any detectable damage 
to the kidney, glycocyamine excretion rises, presumably be- 
cause of retarded conversion to creatine in the liver (Olson, 
Eder and Stare, ’47). A similar increase in the excretion of 
glycocyamine occurred in the young choline-deficient rats of 
the present study before the onset of kidney congestion. Dur- 
ing the height of the renal damage, however, the excretion of 
glycocyamine declined markedly, most likely because of the 
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damage to the tubular parenchyma and the consequent failure 
of these cells to synthesize glycocyamine. 

A decrease in the respiration of kidney slices followed the 
development of blood stasis by one or two days, thus paral- 
leling other signs of reduced tubular activity. This decrease 
in respiratory capacity went hand in hand with fragmenta- 
tion and destruction of mitochondria in the tubular cells. 
Even after restoration of the renal circulation and nitrogen 
clearance, slices of kidney cortex taken from the periphery, 
where mitochondrial destruction persisted, showed a de- 
pressed oxygen consumption. Mitochondi’ia have been found 
to contain several important oxidative enzymes, such as cy- 
tochrome C, cytochrome oxidase, succinoxidase, and fatty 
acid oxidase (Lazarow, ’43,- Hogeboom, Claude and Hotch- 
kiss, ’46; Kennedy and Lehninger, ’48). It is not unexpected, 
therefore, that the dissolution of mitochondria in the cells 
of the renal tubules is associated with a decline in oxygen 
consumption of slices in vitro. In the early phases of this 
wmrk it was thought conceivable that severe lack of choline 
might directly interfere with the foi’mation of mitochondria, 
since the latter contain considerable amounts of phospholipid 
(Lazarow, ’43). It tuimed out, however, that the dissolution 
of mitochondria followed instead of preceding blood stasis. 
Nevertheless, other workers have demonstrated that choline- 
deficient rats display a decreased respiration in tissues not 
suffering from blood stasis (liver, Welch, Irving and Best, 
’35; striated muscle, Abdon and Borglin, ’46). In addition, 
Gyorgy (’47) has reported tubular nephrosis which was not 
secondary to kidney congestion in adult rats fed a chohiie- 
deficient diet. 


Changes in the adrenal cortex 

As regards the interrelationships of the kidney and the 
adrenal cortex in this syndrome, changes in adrenal weight 
and adrenal cytochemistiy paralleled the changes in kidney 
size and histology during the development and resolution 
of the renal lesion. No abnormalities of the adrenal cortex 
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persisted after the recovery of the kidney, despite continued 
fatty infiltration of the liver. On the other hand, the adminis- 
tration of neither desoxycorticosterone acetate nor wliole 
adrenal extract had any effect on the progress of the renal 
lesion. It seems clear, therefore, that adrenal insufficiency 
does not play a role in the etiology of the kidney damage, 
but that the changes in the adrenal cortex are secondary to 
the renal changes. 

Both the zona glomerulosa and the zona fasciculata ap- 
peared hyperactive at the time of maximum renal damage, 
although the glomerulosa appeared far more stimulated. The 
enlargement of the fasciculata and reduction in the size of 
its hpid droplets, accompanied by marked atrophy of the 
thymus gland, suggest an increased secretion of 11-oxy-corti- 
costeroids during the acute phase of the deficiency (Dough- 
erty and "Wliite, ’45 ; Deane and Shaw, ’47 ; Bergner and 
Deane, ’48). The immediate recovery of the fasciculata and 
the thymus upon restoration of kidney circulation and nor- 
mal food intake, however, together with the relatively mild 
depletion of fasciculata lipids during the phase of renal 
damage, suggest that the changes in the fasciculata were 
referable to the “alarming” stimulus of general inanition 
and uremia. This stimulation of the fasciculata and the de- 
cline in liver fat appear to have been the only changes 
referable to inanition. Contrary to the conclusions of Christ- 
ensen and Griffith (’42), there is no evidence of a dii’eet 
effect of choline deficiency on the pituitary-adrenal-thymus 
apparatus as in the case of pantothenic acid and thiamine 
deficiencies (Deane and McKibbin, ’46; Deane and Shaw, ’47). 

The marked hyperactivity of the zona glomerulosa during 
the period of renal damage, a reaction not noted in other 
conditions of physiological stress, is the outstanding feature 
of the adrenal response in acute choline deficiency of young- 
rats. Both hypertrophy of the zone and hypersecretion, as 
indicated by complete disappearance of lipids (Deane, Shaw 
and Greep, ’48), occurred at the time of maximum kidney 
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damage. Furthermore, recovery was somewhat slower in this 
zone than in the fascicnlata. 

The question of the mechanism by which the kidney damage 
stimulates secretion by the glomerulosa is of some interest. 
The glomerulosa, unlike the fasciculata, appears to be inde- 
pendent of pituitary control in the rat (Deane and Greep, 
’46), and it is believed to secrete salt-regulating hormones of 
the desoxycorticosterone t^'pe (Greep and Deane, ’47; Nich- 
ols, ’48; Deane, Shaw and Greep, ’48). Deane, Shaw and 
Greep have shown that the zona glomerulosa of the rat be- 
comes hyperactive with either sodium deficiency or potas- 
sium excess, i.e., whenever there is a decrease in the ratio 
of sodium to potassium in the blood plasma. During the acute 
phase of choline deficiency there is a fall in the ratio of sodium 
to potassimn in the plasma, despite absolute increases in 
both. It seems possible, therefore, that this shift might, con- 
stitute the stimulus for increased glomei’ulosa activity. 

At the present time, of course, other causes for the stimu- 
lation of the glomerulosa cannot be ruled out. That the high 
level of non-protein nitrogen was not the cause is suggested 
by the fact that the nitrogen retention persisted after the 
zona glomerulosa had begun to recover (11 days). Moreover, 
in several rats made acutely uremic either by removal of the 
kidneys or ligation of the renal arteries, no changes in the 
glomerulosa were demonstrable. It remains possible, how- 
ever, that some humoral product of the damaged ludney 
could stimulate the glomerulosa. 

SXJMilARY 

The effects of acute choline deficiency in weanling male 
rats on the cytochemistry of the adrenal cortex and the cy- 
tology and function of the kidney have been studied. 

The renal lesion of acute choline deficiency is characterize 
by fatty infiltration of the tubular epithelium, congestion and 
hemorrhage of the cortex, fragmentation and disappearance 
of mitochondi'ia in the tubular epithelium, and a decrease m 
the respiration of slices of kidney cortex in vitro. At the tune 



ADUEN.VL CHANGES WITH UENAL LESIONS 


47 


of maximum kidney damage (9 days), casts ot material re- 
sembling hemoglobin appear in the lumens of the tubules. 

Concomitant with the renal congestion there is nitrogen 
and electrolyte retention. The excretion of glycoeyamine is 
depressed more than is the excretion of creatinine. 

The renal damage is accompanied by an enlargement of 
the adrenal cortex and atrophy of the thymus. The zona fas- 
ciculata appears only moderately stimulated, apparently as 
a result of the “alarming” stimulus of inanition. The zona 
glomerulosa is much more markedly stimulated, possibly as 
a result of altered electrolyte balance during renal failure. 

With kidney repair, which occurs without added choline, 
the adrenal cortex returns to normal, the zona fasciculata re- 
covering more rapidly than the zona glomerulosa. Both zones 
appear normal by the 42nd day of deficiency, despite the 
continued fatty liver. 
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PLATE 1 


EXPLANATION OF FIGURES 

All figures on this plate are from kidneys fixed in Zenker-formalin solution 
and pos chromated. Paraffin sections n-ere cut at 3 and stained with Mallorj-'s 
phosphotungstic acid hematoxylin for dS hours. Figures 3 to 5, photomicrogr.-.pI,s 
taken with combined green and yelloiv filters, X 4o'. The preparations were 
stained and photographed indentically. Figures 6 to 9, drawings made with the 
aid of a camera lucida, X 90 objective, X 10 ocular; X 1690 at the plane of 


1 t kidnej, showing cortex and part of the medulla. The proximal con- 

^ stain darkly, principally because of their many, highly chromo- 

^ (fig- 6). The distal convoluted tubules stain more lightly, 

and the collecting tubules and Henle’s loops only fabitly. 

4 Kidney of a rat fed the choline-deficient diet for 9 days. Underneath the 
hemorrhage (H) has occurred; a considerable amount of stagnant blood 
( ) IS visible between the tubules in the outer half of the cortex. Here the 
u es no longer stain normally, whereas they stain almost normally in the 
part of the cortex (compare figs. 7, 8 and 9). IVIany tubules contain homo- 
geneous chromophilic easts: generally these stain purple, sometimes pink. The 
glomeruli appear normal. 

o Kidney of a rat fed the choline-deficient diet for 13 days. All extravasated 
a stagnant blood has disappeared, as have the casts. Immediately underneath 
le capsule the tubules appear collapsed and mitochondria have not reappeared. 

cortex the tubules stain in a nearly normal fashion. 

6 formal kidney showing a proximal tubule on the left and a distal tuhule 
cells of the proximal tubule, the long filamentous mito- 
ria aie oriented perpendicularly to the basement membrane and the cyto- 
plasm IS quite chromophilic. In the distal tubule the mitochondria are sparser 
and less well oriented. 

Kidney of a lat fed the choline-deficient diet for 9 days. Deep portion of 
CO ex, illustiating a proximal tubule oji the left and a distal one on the right 
agnant blood within the capillaries. The mitochondria in the proximal tubule 
a e sparser than normal, and the cytoplasm is less chromophilic. The mitochondria 

m istal tubule stain only faintly. A cast is present in lumen of the distal 
tubule. 

8 Kidney of a rat fed the eho]iiie-defieient diet for 9 d.ays. Mid-portion of 
CO ex, showing a collecting tubule on the left, and a proximal tubule on the right. 

s s are present in the lumens of both. The cells of the proximal tubule contain 
uns spaces with a few^, light-staining mitochondrial fragments between 

lem. le aigei chromophilic spherules in these cells stain in the same fashion 
as the cast material. 

9 Kidney of a rat fed the choline-deficient diet for 9 days. Suhcapsular region 
of cortex, illustrating a proximal tubule surrounded by stagnant blood. The * 
tubule appears collapsed and the cells completely distorted by large chromophilic 
inclusion bodies. The faintly staining granules within their cytoplasm may be 
remnants of mitochondria. 
















PLATK 2 


EXI'LAXATION Oi' FIGURES 

All figures ou this plate are photomicrograplis of organs fixed in 10% formalin 
oi a east t^v o daj s and then sectioned at 15 /i on the freezing microtome, X 90. 
figures 10 to 12 are of kidneys, stained with Sudan black B for fatty substances, 
paotogiaphed with a blue filter, J'igures 13 to 15 are of adrenals, photo- 
grapied under the birefringence microscope; the margin of the capsule has been 
drawn in by hand. 


^ choline-deficient diet for 7 days. Droplets of fat 

s ained black with the Sudan dye occur at the bases of the cells in many of 
the convoluted tubules. 

11 Kidney of a rat fed the choline-deficient diet for 9 days. Considerable 
lemorr lage (H) is visible beneath the capsule. Kat droplets occur in most of 
le u u es, being particularly concentrated in isolated groups of subcapsular 
u u es. Graj -staining casts (G) are visible in many tubules. The increase in 

escribed here was clearly seen in the original material under greater 
magnification. 


12 Kidney of a rat fed the choline-deficient diet for 13 days. Little fat is 
present except in occasional peripheral tubules. The gray staining of the inner 
n u es IS indicative of mitochondria. The ejiithelium of some of the outer tubules 
lias collapsed or been sloughed off. 

coitex of a rat fed the control diet for 9 days. Birefringeut 
ma eiia chaiacterizcs the narrow glomerulosa and the fasciculata. The particles 
vary in size, some being fine and some coarse. 

1 Adienal coitex of a rat fed the choline-deficient diet for 9 days. The 
g omei u osa appears broadened. Only occasional, fine birefringeut particles are 
piesen . The biiefringent material in the fasciculata is uniformly fine and is 
limited to the outer half of the zone. 

lo Adrenal cortex of a rat fed the choline-deficient diet for 13 days. The 
go nein osa is broad but contains considerable birefringeut material, mostly fine. 

e a^iculata is ciovvded with birefringeut particules, many coarser than in 
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PLATE 3 


EXPLANATION OP iTGJORES 

All photomicrographs on this plate are of adrenal glands that were fixed in 
. lo or at least two days, then sectioned on the freezing niierotorae 

from sections stained with Sudan IV and photo- 
f , ^ Figures 17 to 20 are from sections stained with 

X 90 ^ reagen and photographed with green and yellow filters combined. aA.H 

cortex of a rat fed the control purified diet for 10 days. The 
in ‘"^PP^ars normal for a rat weighing 55 gm. Considerable lipid is present 

fiir *i^rrow zona glomerulosa, none in the transitional zone, and a great deal 

throughout the fasciculata. No zona reticularis occurs in the cortex of the 
weanhng rat. 

nnaif* ^ choline-deficient diet for 5 days. Schiff- 

IQ q 1 ' 1^1 roplets aie virtually absent from the glomerulosa. The fasczculata 

\ I iipid material reacts intensely with the Schiff reagent, 

dvonlpt ^ clioline-deficieut diet for 7 days. The lipid 

^ ° ^ glomerulosa and fasciculata are Schiff-positive. The fascicu- 

lata is further broadened. 

choline-deficient diet for 9 d.ays. The 
The f " appears broad and completely depleted of Schiff -positive materi.il. 
The faseienlata is extremely broad but not depleted. 

«lnmov 1 coitex of a rat fed the choline-deficient diet for 13 days. The 

remains bi oad but contains considerable amounts of Schi^-positive 
ot I f to normal size. 

f»laii<1 nr. cortex of a rat fed the choline-deficient diet for 42 days. This 

inner ''veighting 175 gm. Less lipid is present in the 

inner faseiculata than in the younger rat (fig. ifi). 











NITROGEN EXCRETION OP AVO^IEN RELATED TO 
THE DISTRIBUTION OP ANIIMAL PROTEIN 
IN DAILY IMEALS ^ 


EUTH M. liEVEETOi; AND MAEY E. GBAM 
Euman Nutrition EescarcU Laioratory, Department of Home Economics, 
University of Nebraska, Lincoln 

(Beceived for publication May 31, 19-19) 

Research with animals has shown the hiahility of the body 
to store amino acids for use at a later time, and emon 
strated that the body needs to have all the essential amino 
acids present simultaneously and in adequate amounts tor 
tissue synthesis (Geiger, ’47; Cannon et ah, 47, Schae er 
and Geiger, ’47; Harte, Travers and Sarich, ’48). Henry and 
Kon (’46) found that the supplementary relationship of milli 
and potato, and of bread and cheese, did not exist if these 
foods were fed separately on alternate days hut could he 
demonstrated only if the two foods were fed togethei. Geigei 
(’48) has shoivn that diets containing wheat gluten blood 
protein, or yeast + blood protein, or yeast wheat gluten 
protein promote growth satisfactorily. Growth did not result, 
however, when these same pairs of proteins were fed separately 
during alternating lO-hour periods with two-hour intervals, 
between feedings. 

The possibility warrants study that the nitrogen metab- 
olism of human subjects may be influenced by the time of in- 

* Published with the approval of the Director as paper No. 474, Journal 
Series^ Nebraska Agricultural Experiment Station. This study was supported 
in part b 3 ’ a grant from the National Dairy Council, Chicago, on behalf of 
the American Dairy Association, 

Presented before the American Institute of Nutrition, Detroit, April 19, 1949. 
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meals. If one in Pal f Proteins among the usual daily 

a hio-h Qualitt^ j eh as breakfast, is completely devoid of 

even though the total rln’l be unpaired 

The study renm-f 1 i of protein is adequate, 

whether the fim l^ ^ Preliminary investigation of 

pfoteto „ffeotsX T" “ ‘■"i'-l 

It seemed nertil »' by human subjeels. 

(a) the daUv Jdt ‘ ™“P“‘-e under controlled conditions 

tein h tte Lf "’ben the amount of pro- 

eluded in the h no animal protein was in- 

on the same nitrogen metabolism 

food which fi intake Avhen breakfast included some 

tood which furnished a high quality protein. 

experimental 

study for^^fi volunteered as subjects for this 

They ran o-pri ‘^™§' the summer school session of 1948. 

2 iftr^ff in ^«igbt from 5 ft. 

face area weight from 110 to 157 lb., and in sur- 

a small dm- ^ girls liyed together in 

tire reo-imp^^ research staff superyised the en- 

similar\nd''constanr different subjects were 

liffht work nf • I ® engaged in the sedentary or 

did not lim intensiye school program and those who 

oflBce work ^ ^ einoon laboratories usually had part-time 

periods^ of the study were diyided into two 18-day 

of the amn f ® To facilitate rigid control 

and rate oTr as bulk 

was made fr> ■ ^ dietary plan using- ordinary foods 

12 times Thi<f tk period and this plan was repeated 

O^d ulLlt:s J to meet the «- 

the National T? ^ Food and Nutrition Board of 

uref.iu p 1 “‘ff”""'” <’«) for all uutrieuts except 
piotein. Pieuous study had shown that the usual protein 
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intake of the subjects was between 60 and 63 gm daily. 
Because it was desirable not to change the state of protein 
uutrition of these subjects for a study of only 36 days, the 
diet was planned to furnish 62 gin of protein daily, 55 of 
which were from meat, milk, and milk products. During 
the first 9 days slight adjustments in calorie intake were made 
to insure that the subjects would remain at constant weight. 
The adjusted calorie intakes ranged from 1,950 to 2,200 and 
remained constant for each subject throughout the remaining 
27 days of the study. 

The difference between period A and period B was in the 
distribution of the animal pi’otein, not in quantity or quality 
or food source. In period A the breakfast consisted of citrus 
fruit juice, bread made with water instead of milk, butter, 
jelly, and coffee or Postum. All of the animal protein was 
supplied in the noon and evening meals. The diet included 
24 oz. of whole milk. During period A, 8 oz. of the milk 
were served at noon and 16 oz. were served at the evening 
meal. During period B, 8 oz. of the milk were served at each 
of the three meals, thus adding animal protein to the break- 
fast. 

Despite rigid control of food selections and preparation 
the average daily nitrogen intake for period A was 9.78 gm 
as compared with 10.13 gm for period B ; the difference of 
0.35 g-m -svas not statistically significant. 

During the second 9 days of periods A and B a composite 
of all the food eaten by each subject at each meal was made, 
and all excreta for each subject were collected for analysis 
for nitrogen. 

The urine collections for each subject for each 24-hour 
period were combined according to the times of voiding as 
follows; after breakfast, up to and including immediately 
before lunch ; after lunch, up to and including immediately be- 
fore dinner; after dinner, up to and including immediately 
before retiring at 11 p.ji. ; rising sample immediately before 
breakfast. Thus, 4 composites were analyzed for each 24-hour 
collection for each subject. 



Carmine was eiven in +h^ 

stools. Stools fof each 9 dav ^''5^ ^ay to mark the 

^iorio acid I“gest'o™OTd aTd ^ '‘i'*”' 

Kijeldabl method. each subject by the 


besults 

each period and^Si^d^ffeSces^TeT^'"'' 

*•" '■ “• ■• >•-■“. -;::S£‘z 

table 1 

,r,^_.^_ PERIOD A 1 


SURPAOE 

area 


PERIOD B 1 

N excretion 


DIFP. IX 
UBIXABr 



m2 

11 

1.43 

3 

1.49 

15 

1.49 

■^Vg. 

1.47 

6 

1.55 

1 

1.58 

13 

1.58 

12 

1.60 

14 

1.62 

10 

1.63 

5 

1.64 

9 

1.65 

Avg. 

1.61 

2 

1.74 

8 

1.77 

4 

1.78 

Avg. 

1.76 

Average 


for all 


subjects 

1.61 

S.D. 


S.E. 



Unne 

Feces 

jx rfl. 

Total 

1 

AAXBJ 


gm 

gm 

gm 

gm 

8.15 

0.50 

8.65 1.48 

0.43 

8.01 

0.72 

8.73 

1.40 

0.15 

8.50 

0.78 

9.28 

0.85 

0.36 

8.22 

0.67 

8.89 

1.24 

0.31 

8.11 

0.84 

8.95 

1.18 

1.15 

8.27 

1.12 

9.39 

0.74 

0.69 

8.39 

0.59 

8.98 

1.15 

0.94 

8.52 

0.93 

9.45 

0.68 

0.24 

8.13 

0.70 

8.83 

1.30 

0.96 

8.26 

0.85 

9.11 

1.02 

0.96 

7.84 

1.15 

8.99 

1.14 

1 22 

8.43 

0.86 

9.29 

0.84 

0.12 

8.24 

0.88 

9.12 

1.01 

0.78 

8.74 

0.77 

9.51 0.62 

0.80 

9.01 

0.77 

9.78 0.35 

0.16 

8.27 

1.15 

9.42 0 

L71 

1.53 

8.67 

0.90 

9.57 0 

.56 

0.83 


9.02 

0.410 

0.1097 


0.79 

0.171 

0.0457 


9.81 — 0.03 

0.189 
0.050 


8.33 

0.290 

0.0770 


0.84 

0.190 

0.0504 


9.17 


0.96 

0.329 

0.0878 


0.69 


‘ ;:;;- ^o77o 0.0504 

specbvely. “rujg periods A and B was 9.78 gm and 10.13 ga, le- 
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subjects have been arranged of nitrogen 

area. The total average daily urinaiy excieuon u a 

for all subjects for penod A The difference 

and 8.33 gm with a S.D. of 0-^ P „ „ ^ 

between the two periods was 0-69 -th a S^E 0^013^^^ 
is highly significant according to the t ^ ^ 4^4 

excrtted less urinary nitrogen during A 

protein was present in every mea , , The differ- 

. T.e 

subjects ranged from 0 . 2,6 to io.o-i i p 

4.24 to 10.14 for period B. collected 

Analysis of the 4 urine composi es w ic -loTiificantly 
for each subject in each 24 hours showed a 
smaller excretion of nitrogen during e ou . 

dinner until bedtime and from hedUme until Jfast tim 
in period B as compared with period A. ^^alysm of var 
ance for the two 9-day periods for the 14 subjects 4 
following F values for the time of voi mg s a pvpnine:' 
4.05 (significant at the 5fo level); a ernoon, . , .’ 

8.39 (significant at the 1% level) ; and night, 19.28 (sign 

ficant at the 1% level). 4. 

The average daily fecal nitrogen for all subjects aveiag 
0.79 gm and 0.84 gm for periods A and B, respectively. 

In period A, 8 of the 14 subjects had a total daily nitio^en 
excretion in excess of the intake; retentions range rom 
-0.54 to 0.59 gm daily and averaged —0.03 gm for all su - 
JGCts. 

The situation was different during period B, when some 
animal protein was served in every meal. The ai y ni rogen 
retention of the subjects ranged from 0.35 to 1.48 gm and av- 
The percentage of nitrogen absorbed and retained hj each 
subject during periods A and B is shown in table • ® 

average pei’centage absorption for all subjects was 9 . or 

period A and 91.7 for period B. The average percentage re- 
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tention for all subjects was — 0.4 for period A and 10.3 for 
period B. 

The relation between the nitrogen metabolism figures and 
the surface area of the subjects is shown by averages given in 
tables 1 and 2 for groups of subjects with similar surface 
areas. There were three subjects with surface areas between 
1.43 and 1.49 m^ ; 8 with surface areas between 1.55 and 
1.65 m“; and three with surface areas between 1.74 and 
1.78 m^. There wns no significant ditference in the percentage 

TABLE 2 

Average daily percentage iiiirogen al}sorption and retention of each subject 
during Uoo 9-day periods 


SUBJECT 

SURFACE 

PERIOD A * 

PERIOD B ^ 

difp. 

UKlNARV 

AREA 

Absorbed - 

Retained ^ 

Absorbed 

Retained 

excretion 
IX A AND B 


m2 

% 

% 

% 

% 


11 

1.43 

92.3 

5.0 

95.1 

15.4 

10.4 

3 

1.49 

89.5 

6.7 

92.9 

14.9 

8.2 

15 

1.49 

92.6 

2.2 

92.3 

9.1 

6.9 

Avg. 

1.47 

91.5 

4.6 

.93.4 

13.1 

8,0 

6 

1.55 

90.8 

— 4.3 

91.7 

12.7 

17.0 

1 

1.58 

92.7 

1.2 

88.9 

8.2 

7.0 

13 

1.58 

91.6 

— 4.1 

94.2 

12.1 

16.2 

12 

1.60 

90.6 

1.1 

90.8 

7.4 

- 6.3 

14 

1.62 

91.6 

— 1.5 

93.1 

13.8 

15.3 

10 

1.63 

88.9 

— 6.1 

91.6 

11.0 

17.1 

5 

1.64 

91.4 

— 1.3 

88.7 

12.7 

14.0 

9 

1.65 

91.4 

4.4 

91.5 

9.1 

4.7 

Avg. 

1.61 

91.1 

— 1.3 

91.3 

10.9 

12,2 

o 

1.74 

95.4 

— 2.3 

92.4 

6.6 

8.9 

8 

1.77 

93.5 

— 0.3 

92.4 

3.7 

4.0 

4 

1.78 

94.7 

— 5.8 

88.7 

7.9 

13.7 

Avg. 

1.76 

94.5 

— 2.8 

91.2 

6.1 

8.9 

Avg. for 

all subjects 

1.61 

91.9 

— 0.4 

91.7 

10.3 

10.7 


^The average daily nitrogen intake during periods A and B was 9.78 gm 
10.13 gm, respectively. 


= Calculated according to the formula : X 100. 

gm N intake 

* Calculated according to the formula : retained ^ 

gm N absorbed 
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absorption of nitrogen in either period by the gioups with 
different surface areas. In both periods the urinarj’' nitrogen 
excretion increased, and the actual nitrogen retention and the 
percentage retention decreased in step-wise fashion with in- 
creasing surface area. For period A the congelation between 
the surface area and the percentage retention was significant 
at the 5% level, r equalling — 0.62, whereas for period B it 
was significant at the 1% level, r equalling — O./l. There were 
no differences in the metabolism figures which could be re- 
lated to age. 

DISCUSSION 

The differences in nitrogen metabolism during periods A 
and B are striking. Significance is added to the differences 
by the fact that in every case urinary excretion was less and 
percentage retention was greater in period B than in period 
A. The similarity in fecal excretion and percentage absoi’p- 
tion of nitrogen in period A and period B suggests similar 
intestinal action during both periods. 

If the lower urinary nitrogen excretion and higher re- 
tention in period B as compared with period A are consid- 
ered to indicate better utilization, there was an advantage 
to these subjects in increasing the amount of protein in the 
breakfast and providing animal protein at every meal by 
transferring 8 oz. of milk from the dinner to the breakfast 
meal. 

The present study was planned to simulate the fi’uit-coffee- 
roll breakfast and to find an effective yet simple and prac- 
tical way to improve its contribution to the body’s needs. 
It is for this reason that 8 oz. of milk were used as the ad- 
dition to the breakfast. There are many factors not included 
in this pilot study which need to be considered in connection 
with the distribution of protein in the diet. In the present 
work the quantity as well as the quality of the protein of the 
breakfast was increased, although the daily protein intake 
remained constant. The results might have been different 
if the protein content of the breakfast had remained constant, 
or if it had been increased with protein of plant origin. With 
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breakfast included 8 oz. of milk, although the total protein 
intake remained unchanged. 

During period A, when no animal protein was included in 
the breakfast, the average daily urinary excretion for all 
subjects was 9.02 gm nitrogen, S.D. 0.410, as compared with 
8.33 gm, S.D. 0.290, during period B when animal protein from 
8 oz. of milk was furnished “with the breakfast. The difference in 
urinary excretion was 0.69, S.E. 0.134. In period A the aver- 
age daily nitrogen absorption was — OAfh as compared with 
10.3% in period B. The average daily nitrogen retention was 
—0.03 gm in period A as compared with 0.96 gm in period B. 

In view of the nature and significance of the findings, it is 
possible that the distribution of quantity and kind of protein 
in the three meals, as well as the total daily amount of pro- 
tein, must be considered in determining protein requirements 
and utilization. 
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Information regarding the iron requirement of adolescent 
girls is meager. A dietary allowance of 15 mg per day has 
been recommended for gilds 13 to 15 years of age by the Na- 
tional Research Council (’48). The recommendation is ac- 
companied by a statement that ‘‘No data are available for 
the requirement during adolescence. The allowances recom- 
mended were estimated on the assumption that needs are 
greater than those of the adult.” 

The needs of children for iron differ from those of the 
adult because of growth. To choose a method which will ac- 
curately assess the requirements during growth is difficult. 
One possible method is to find the lowest iron intake which 
ivill support a good hemoglobin level. Since hemoglobin levels 
respond slowly to changes in the dietary intake, this method 
requires lengthy periods of study, preferably two or more 
years, for each level of iron intake. Johnston and Roberts 
(’42) applied this method to pre-adolescent children on one 
level of intake. 

'Present address: Department of Home Economics, College of Agriculture, 
University of Nebraska, Lincoln. 
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Another method was used by Darby et al. (’47), who cal- 
culated the daily requirement of absorbable iron for cliildren. 
The calculations were based on the percentage uptake of 
radioactive iron and on estimates of needs for storage and 
growth. This method for determining the dietary require- 
ment depends upon the use of estimates of “absorbable” 
iron in foodstuffs. The author states : “ at present there exists 
no rehable means of estimating the quantity of absorbable 
iron in a dietary ; hence, the requirement of total dietary iron 
cannot now be ascertained by this method.” 

A method used by investigators in early years is the balance 
study. It was used on the assumption that a child would re- 
tain only the iron that he needed and that any excess would 
be excreted. The dietary level giving maximum retention was 
then taken to be the level of iron required. That assumption 
is now known to be erroneous. Once iron is absorbed by tbe 
body little is secreted back into the gastrointestinal tract, and 
the amount retained is not necessarily the amount iieeded. 
Thus the balance study in itself is not applicable to finding tbe 
iron requirement of children, but it is of value in deternnn- 
ing the amount of iron which is retained from a given die . 

The method chosen for the present study had to be sue 
that the needs of the adolescent girl who had reached t e 
menarche would be taken into consideration. Sbe needs o 
retain iron not only for growth but also for replacement o 
menstrual losses. If these needs are determined, the balance 
study can then be used to find the level of iron intake wbic 
will provide sufficient retentions to cover her needs. 

Since there is no method available at present for deteinim 
ing the amount of iron which needs to be retained for grow , 
the decision was made to use a value based on estinia e 
made by Heath and Patek (’37). They calculated the I’equire 
ment of iron for growth on the basis of the annual gains in 
circulating and non -available tissue (extra-circulating) 

The amount of iron which needs to be retained for rep ace 
ment of menstrual losses can b'e determined directly . 
analysis of the menstruum. 



IKOX REQUIRED BY ADOLESCENT GIRLS 


69 


PROCEDURE 

The subjects were 6 girls, 13 and 14 years of age, all of 
whom bad passed tbe menarcbe and were in excellent health ; 
all had a history of good food habits. The age, height, weight 
and age of menarche of the subjects are given in table 1. 
They were housed and fed for 94 weeks in the same building 
in which the laboratory is located. 

Two levels of iron were administered in two consecutive 
4-week periods preceded by an adjustment period of one 
week. During the adjustment period and the first 4-week 
period, 8 to 9 mg of iron were fed. This level was selected 


TABLE 1 

The age, height, weight and the age of menarche of the 6 subjects 


SUBJECT 

AGE ^ 

HEIGHT 

WEIGHT 

AGE OP 
MENARCHE 


years 

in. 

Ih. 

years 

A 

14 

644 

1025 

13 

B 

14 

62 

1255 

13 

C 

13 

64i 

1115 

10 

B 

14 

615 

1095 

13 

E 

13 

605 

795 

12 

P 

13 

675 

1225 

12 







' Age to nearest birthday. 


on the basis of previous work done on college women in this 
laboratory (Johnston, Frenchman and Boroughs, ’48), in 
which an intake of 7 mg per day was found to be on the bor- 
derhne of adequacy for the subjects. The slightly higher level 
was fed to the adolescent girls on the assumption that they 
would need more iron than the college woman. In case the 
first level was on the borderline or too low, a somewhat 
higher level of 11 to 12 mg of iron per day was chosen for 
the second 4-week period. One level of calcium, approximately 
1 gm per day, was fed during the entire study to eliminate 
the possibility that a change in the level of calcium might 
affect the absorption of iron. 
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study to eavry tbvougli tbo 9 weeks. Where possible, other 
items were purchased in one lot for the entire study. All fat 
was trimmed from the cooked meats and the lean portion only 
weighed. The foods were prepared and served with particular 
attention paid to avoiding the possibility of contamination; 
distilled water was used for cooking and drinking ; all cook- 
ing utensils were either of aluminum or glass and the kitchen 
tools were of stainless steel. 

Composites of foods in the basal diet were made each week. 
Aliquot portions equal to one-fifth of the serving weight were 
composited independently by two people. These were mixed 
in a mechanical blender, treated with concentrated HCl, 
heated and bottled. The milk, bread, biscuits, rolls, cola 
drinks, lemonade, grape jelly and cookies were analyzed sep- 
arately. The feces were marked by using cai’mine capsules. 
Weekly composites of feces were mixed in a blender, acidified 
with HCl, heated and stored in glass. Urinary collections 
were made for a weekly period on each level of intake and an 
aliquot portion was acidified with HCl and stored. Menses 
were collected during and after the experimental period for 
a minimum of 4 menstrual periods for each subject. Tampons 
obtained in one lot were used for collection of the menses. 
The used tampons were allowed to stand several hours in 
redistilled water, acidified with HCl, heated to form a slurry 
and stored in glass. A correction was made for the iron in 
the tampon. A record was kept of the cycle lengths for each 
subject. 

The foods, feces, urine and menses were each wet-ashed 
with nitric and sulfuric acid and the nitrosyl-sulfuric acid 
was hydrolyzed by boiling with water according to' the method 
of Roberts, Beardsley and Taylor ( ’40). Iron was determined 
by the thiocyanate method of Stugart (’31), and the intensity 
of the color read in an Evelyn photoelectric colorimeter. 

Venous blood samples were taken three times during the 
study to determine hemoglobin values, red blood cell counts 
and^ serum iron levels. They were taken at 4 p.n., after a 
period of inactivity to eliminate the possible effects of exercise 
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on tile level of these components of blood. Bach determination 
was made in duplicate. For serum iron 2 ml samples of serum 
were analyzed; the protein was precipitated by the method 
of Kitzes, Elvehjem and Schuette ( ’44) and the iron was 
determined by the o-phenanthroline method of Saywell and 
Cunningham (’37). Hemoglobin was determined by the 
method of Evelyn (’36). Cell counts were made in duplicate 
on blood from each of two pipettes. 


RESULTS AND DISCUSSION 


Daily intake, retention and absorption 

The average daily intake of iron for the ■first 4-week period 
for all the subjects was 8.6 mg, and ranged from 8.0 to 9.6 mg 
(table 2). On the diet with the higher level of iron, the average 
daily intake was 11.7 mg and ranged from 10.9 to 13.3 mg 
(table 2). Subject P, the tallest girl, ate the largest amount 
of the food allowed ad libitum and therefore received the 
most iron ; subject E, the shortest girl, received the least iron 
because she ate little in addition to the basal diet. 


Retentions of iron by the subjects represent the difference 
between that in the food intake and that in the feces and 
urine (table 2). On an average intake of 8.6 mg per day, 
average iron retentions for each subject were 0.80, 0.86, 1--'-') 

I. 23, 1.42 and 1.54 mg per day. When the average intake was 

II. 7 mg per day, the average retentions for each subject weie 
0.33, 1.15, 1.54, 1.76, 2.10 and 2.22 mg per day. On the diet 
containing the larger amount of iron, higher retentions oc- 
curred for all except subject B, whose retention was so muc 
lower than that of the other subjects and than her own fii'st 
period that it appeared to be atypical. No explanation coul 
be found for the sudden drop in her retention from 1.54rag 
per day during the first period to 0.33 mg in the second period. 

On a percentage basis, the subjects retained 9, 9, 14, 14> ^ 
and 19% of the iron from the diet -svith 8.6 mg per day, and , 
10, 13, 16, 16 and 19% from the diet with 11-7 mg per day. 
The average percentage retentions for all the subjects were 
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14 and 13%, respectively, of the iron from the two diets, Tlie 
unusually low retention of subject B from the higher level 
of intake lowered the average retention for the second period. 
The percentage of absorption also was calculated. For this, 
the iron in the feces was subtracted from that in the food 
intake. Because the amount of iron in urine is so small, the 
percentage absorption values were the same as the retention 
values. These values are similar to those in the literature 
for girls younger than these and for women. Darby et al. 
(’47) reported that girls 10 years of age absorbed 14.5% of 
a test dose of radioactive iron. College women studied by 
Johnston, Frenchman and Boroughs (’48) absorbed 11% from 
a normal mixed diet containing 7 mg of iron per day, while 
adult women studied by Widdowson and MeCance (’42) ab- 
sorbed 12.5% from a diet in which white bread made up 40 
to 50% of the calories and the remainder were provided by 
a mixed diet. 

Blood picture 

The blood picture of the subjects as indicated by hemo- 
globin values, red blood cell counts and serum iron levels was 
satisfactory. Hemoglobin values were 13.2 gm per 100 ml of 
blood or above, and red blood cell counts were all 4.35 M 
per mm® or above (table 3). These values are above the 
average reported by Leichsenring, Donelson and Wall (’41) 
for girls of this age. Serum iron levels were variable, ranging 
from 57 to 97 jjg per 100 ml of serum (table 3). These levels 
are similar to those observed in the serum of other girls ot 
this age in work done in this laboratory (unpublished). The 
highly satisfactory blood picture suggests that the 6 subjects 
were absorbing iron in a normal fashion, since all probably 
had normal stores of iron. 

Menstrual losses 

Average menstrual losses for 4 or more pei'iods varied 
\videly among the subjects and ranged fi’om 6.12 to 50.11 mg 
per period (table 4). Considerable variation in iron losses 



IROX REQUIRED BY ADOLESCENT GIRLS 


75 


per period for each girl ^Yas observed (fig. 1). Losses for 
subject A, for example, ranged from 1.73 to 13.83 mg per 
period. In 4 of the 6 subjects, the first menses collected dur- 
ing the study had the least iron (fig. 1). "Whether or not the 
unusual situation contingent upon being a part of the experi- 
ment somehow affected the menstrual loss during the first 
collection period is a question. In a search of the literature no 
studies were found regarding iron losses in the menses of 

TABLE 3 

BemogJohin values, red 'blood cell counts and serum iron levels for the 6 subjects 
determined during the last weelc of each geriod 


SUBJECT 

A 


0 

D 

E 

p 



Hemoglobin in gm per 100 niZ of blood 


Adjustment period 

13.7 

13.4 

13.8 

13.0 

15.2 

14,3 

8.6 mg-intake period 

14.2 

13.8 

13,6 

13.3 

14.8 

13.9 

11.7 mg-intake period 

13.3 

13.4 

13.6 

13.2 

14.6 

14.0 

’ Average 

13,7 

13.5 

13.7 

13.2 

14.9 

14.1 



Red blood cell counts in 31 per 

mm^ 


Adjustment period 

4.87 

4.35 

4.50 

4.24 

4.88 

4.65 

8.6 mg-intake period 

4.90 

4.38 

4.43 

4.38 

4.80 

4.38 

11.7 mg 'intake period 

4.66 

4.61 

4.68 

4.42 

4.81 

4.44 

Average 

4.81 

4.45 

4.54 

4.35 

4.83 

4.49 



Iron in pg per 100 ml of serum 


Adjustment period 

105 

86 

76 

58 

74 

72 

8.6 mg'intake period 

92 

76 

75 

64 

76 

70 

11.7 mg'intake period 

94 

79 

44 

50 

85 

72 

Average 

97 

80 

65 

57 

78 

71 

— ^ — 








girls 13 and 14 years of age, but iron losses during menstrua- 
tion have been studied in adult women. Frenchman and John- 
ston (’49) reviewed the literature on this subject and found 
that reported iron losses in the menses of 184 women ranged 
from 2.28 to 78.96 mg per period. The range of iron losses 
for the 6 girls in this study was from 0.59 to 74.38 mg per 
period, which was as large as that for the adult women studied 
by others. 
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of thTr^tltVT"’ ^-eg-arding the le^th 

was observed in tbe tngth ofir'"^' 

number of ^ S ^ ^')- ^lie average 

reported by Bngle“and aeSya?(“S™l“J/°®% 
age o, 33.9 days ia tbe .aenstrS iy!Ss l' 100 yot“ 

Mg ft 

||F Iron Lnsses per Menstrual Period ■ 

60- for 6 Subjects ■ 


^ A E D F 

Subjecfs 

menstrual period. the milligrams of iron in the menstruum from one 

table 4 

^ail^ retention of iron required hy tJ^ e objects for replacement of 
'inenstrual losses 


SUBJECT 


NO. or 
MEXSTBUAL 
PIIHIODS 


length op cycle 1 
Average Range 
d€ius 

41.0 35-46 

28.0 24-31 

21.0 13-31 

31.5 29-33 

23.3 20-25 

33.7 19^3 


AVEEAGEFEL0S3 

PEE PERIOD replacement * 


Average 


strual period to the beginning of^hHiext beginning of one men* 

ia value was computed as f ollows : Averag e iron loss per period in mg 

Average length of the cycle in days* 
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According to Eeymert and dost (’47), who studied 100^® 

10 to 18 5 years of age, young girls have ^ove n.egnl^^ 

menstrual cycles than do older ones ; this ^ 

ing to Engle and Shelesnyak (’34), decreases steadily wiA 
increasing elapsed time since the menarche. Amon ^he ^ 
in this study, subject F, who had passed ^ J. 

before the beginning of the study had the 
cycles; they ranged from 19 to 43 days iii length. 
the variability observed in the menstiua pic aie,^ 
strunm from 4 periods is probably the minimum which should 
be collected and analyzed from girls of this age to obtain a 
representative average value. Analysis of t e mens luu 
from more than 4 periods would he highly 
To find the daily retention of iron needed for replace- 
ment of menstrual losses, the following foimula was app le 

average iron loss per period in mg XJsill^’ tlllS forUlulB-j tllG G.3,iiy 16tGIl 

ti;r;SaCtto 6 subjects To cover ^nstrual losses were 
0.18, 0.22, 0.35, 0.56, 0.73 and 1.49 mg (table 4). Foi replace 
ment of menstrual losses, subject F needed to retain imes 
the amount of iron needed by subject A. 


Groivtli 

To find the retention required for growth, the estimated 
values of Heath and Patek (’37) for the yearly retention o 
iron needed by girls were used. For 5 subjects the value 1 
mg, for girls between the ages of 13 to 14, was use , or 
subject A the value for the next age group, 170 mg, was used 
because she had passed her 14th birthday. The values were 
divided by 365 to convert them into the daily retentions re- 
quired; these were 0.40 and 0.46 mg per day. Obviously these 
are average values and girls who are growing faster or slower 
than the average need more or less. According to Heath and 
Patek (’37) these values were based on estimates of annual 
gains of circulating iron and the non-available tissue iron 
(extra-circulating iron) which increases with growth. The 
annual gains of circulating iron were estimated on the basis 
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of the gain in total circulating hemoglobin. This in turn was 
based on the average hemoglobin in total blood volume for 
different ages. The annual gain in extra-circulating or un- 
available tissue iron was calculated from the arbitrary stand- 
ard of 5 mg of iron per kilogram of body weight. The authors 
state that their data are only approximate but that they sup- 
ply specific information which will be helpful in reaching 
logical conclusions. 

Adeqiiacy of the dietary intake 

The adequacy of the two levels of dietary intake can be 
assessed by comparing the retentions observed with the re- 
tentions needed by the subjects. By adding together the 
amounts needed for replacement of menstrual losses and the 

TABLE 5 

Estimated retentions required and observed retentimis on two levels of iron intake 

OBSERVED RETEiJTlONS 


ESTIMATED ^ intake 

RETENTION REQUIRED ^ Average intake 

8.6 mg .. 



mgfday 

mgfday 

mgfday 

A 

0.64 

0.80 

1.15 

B 

0.62 

1.54 

0.33 

0 

0.75 

1.23 

1.54 

D 

0.96 

1.22 

2.22 

E 

1.13 

1.42 

1.76 

E 

1.89 

0.86 

2.10 

Average 

1.00 

1.18 

1.52 

^ The estimated retention required is the amount of iron 
the amount needed for replacement of menstrual losses. 

needed for growth and 


amounts estimated as being required for growth, the follow- 
ing are the minimum retentions required by the 6 subjects. 
0.62, 0.6d, 0.75, 0.96, 1.13 and 1.89 mg per day (table 5). Wide 
differences in the retentions required are apparent. They aie 
due mainly to differences in menstrual losses. Three suhjee s 
had menstrual losses which were very small, so small tna 
the amount of iron needed to replace these losses was loss 
than the amount estimated as needed for growth. 
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the values for the 6 subjects are averaged, the daily 
retention required is 1.00 nig and the observed daily reten- 
tions from the two diets are 1.18 and 1.52 mg (table 5). Thus 
the average retentions observed on the two diets were greater 
than those required. From these averages one might conclude 
that the intake of 8.6 mg of iron per day was adequate for 
these girls. The average should not be used alone, however, 
in drawing a conclusion. Since only 6 cases make up these 
averages, the performance of the individuals should be ex- 
amined more closely. The average intake of the first period, 
8.6 mg per day, was not sufficient to cover the needs of subject 
P. Her menstrual losses were larger than those of the others, 
hence her needs were larger. While her losses were large, 
comparison of them with those of women reported in the lit- 
erature leads to the behef that such losses are not uncommon. 
For the other 5 subjects, this dietaiy intake was possibly 
sufficient if the criterion for adequacy is merely that the re- 
tentions observed are larger than the individual estimated 
required retentions (table 5). The size of the margin between 
the observed retentions and those required, however, should 
also be examined. This margin should be large enough to take 
care of any small additional needs such as those for replace- 
ment of iron lost in sloughed-off skin cells and hair, or those 
which might be due to an accelerated growth rate. The margin 
observed for three subjects on this dietary intake was small. 

The diet containing an average of 11.7 mg of iron daily was 
adequate for these girls with the exception of subject B, whose 
retention appeared to be atypical. For 4 subjects, a wide mar- 
gin of safety was observed which should easily take care of 
any small additional needs for iron. During this period sub- 
ject P, wbo exhibited the largest menstrual losses, retained 
enough to cover her total needs and to have a margin of 
safety. Her actual intake was 13.3 mg per day, which was 
above the average for the group. 

Any recommendation for a dietaiy intake of iron based on 
only 6 cases should be a generous one. The possibility should 
be recognized that the retentions found on the intakes used 
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While the present authors were carrying out experiments 
on rats fed a fat-free diet for the purpose of establishing 
the existence or non-existence of fat soluble factors other than 
those already known, the work of Boer et al. ( 47a, b) on 
vaccenic acid as a gTOwth-promoting factor was published. 
As we at that time had been unable to detect the piesence 
of any heretofore unrecognized fat soluble factors essentia 
for growth in the rat, we decided to determine to what extent 
the findings of Boer et al. would influence our further work. 

The presence in butter of unidentified nutritional factois 
not present in vegetable fats has received the attention of 
many investigators in recent years. Boutwell et al. ( 41, 43) 
concluded that the superior growth-promoting properties of 
butterfat as compared to certain vegetable oils is probably 
due to a saturated compound present in butterfat in small 
amounts. In a subsequent paper these authors found that the 
superior growth of rats fed butterfat as compared to that 
of rats fed corn oil was manifest only when the sole carbo- 
hydrate in the diet was lactose. Brovm and Bloor (’45) in- 
vestigated the nutritive value of fractions of fatty acids of 
butter and whole butterfat and found that the efficiency of a 
whole butterfat diet in producing gains in body weight of 
rats was either matched or improved upon by the liquid 
fatty acid fractions. Henderson et al. (’45) and Jack et al. 
(’45), in their nutritional studies on milk fat, found that a 
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diet containing milk fat had no advantage in so far as rat 
growth is concerned over one containing triolein prepared from 
olive oil. 

Boer (’41) concluded that butterfat contains a new factor 
necessary for normal growth in rats. Later Boer and Jansen 
( ’42) eorrfii’med the presence in butter of a substance needed 
for noi’mal growth in rats which is abseirt from, or present in 
smaller amounts in, margarine, peanut oil, olive oil, and oilier 
fats. The same group (Boer et ah, ’46) also reported that 
summer butter, which they define as butter from cows on 
green pasture, contains a fat soluble substance different 
from all known vitamins which promotes gi’owth in rats, and 
that this factor is found in the fatty acid fraction with 
more than 14 carbon atoms. In more recent work (Boer et al., 
’47a, b) this factor was finally identified as vaccenic acid, 

Deuel et al. ( ’44) reported that no ditference in the growth 
of weanling rats was noted at any time over a 12-week period 
when they were fed a butter diet in contrast with results 
obtained with diets containing corn, cottonseed, peanut or 
soybean oils, or margarine. In further work, Deuel et al. 
( ’48) ^ found that no difference in the rate of growth of male 
and female rats was noted over a 6-week period when the 
diet contained butterfat or cottonseed oil and, further, that 
no stimulating’ effect on growth was produced by the ad- 
ministration of vaccenic acid or partially hydrogenated china- 
■wood oil to rats on a rapeseed oil diet. They concluded that 
vaccenic acid plays no specific role in the growth of the rat. 

Recently, von Euler and von Euler (’48)* have confirmed 
the findings of Deuel et al. by observing the growth of young 
rats through a 25-day test period. In earlier wmi’k von Euler 
et al. (’43) found no evidence of the presence of any special 
nutritive factors in butterfat which were not also present in 
margarine. Nath et al. (’48a)3 separated September butter- 
fat into a liquid and a solid fraction by low temperature sol- 

' Published since completion of the present experiments, 

~ See footnote 1. 

* See footnote 1. 



SUMMER BUTTER AXD OTHER PATS 


85 


veut fractiouation. The liquid fraction gave a growth rate 
in weanling rats superior to that produced by whole hutterfat 
or corn oil, while the solid fraction supported a significantly 
slower growth rate. In later work (’48b)'‘ this group studied 
the alleged growth-promoting property of vaccenic acid and 
concluded that this fatty acid does not have any growth- 
promotmg effects on rats fed diets containing corn oil or 
olive oil. 

To clarify the apparent conflict which exists between the 
results of Deuel et al. and other authors on the one hand, and 
those of Boer et al. on the other, as well as to get a further 
insight into the requirements of the rat for as yet unidentified 
fat soluble growth factors, the following experiments were 
undertaken. 


EXPERIMENTAL 

The rats used in these experiments were male albinos of 
the Sprague-Dawley strain. At weaning they were divided 
into groups of 10 each balanced as to weight, placed in indi- 
vidual wire-floored cages and given the diets shown in table 1 
and distilled water ad libitum. The fat soluble vitamin sup- 
plements were administered three times weekly in small glass 
supplementing dishes. Individual weights of the rats were ob- 
tained at the start of the experiment and once weekly for a 
feeding period of 70 days. The feeds and the vitamin supple- 
ments were stored until used in a refrigerator under nitro- 
gen. At the end of the experiment the rats were killed, 
eviscerated, their body length determined (from nose to 
base of tail), and ground in a meat grinder. Composite sam- 
ples from each gvoup were analyzed for fat by a cold ether 
extraction of the finely comminuted carcasses in the presence 
of an excess of anhydrous sodium sulfate. 

The ethyl linoleate used in these experiments was prepared 
from cottonseed oil by the bromination method of DiIcCutcheon 
(’42) and stored under a nitrogen atmosphere in a refrigera- 
tor until used. The casein was prepared by an exhaustive 
* See footnote 1, page 84. 
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TABLE 1 

Experimental diets fed to different groups of rats 


IXGREI)IEI,T 



GROUP 



1 

2 

3 

4 

5 




% III diet 



Pat free basal diet ^ 

80.0 

80.0 

80 0 

80.0 

90 0 

Vitamin B complex 





100 

supplement ' 

10.0 

10.0 

10.0 

10 0 

Summer butterfat 

10.0 




• 

Oleomargarine fat (Nucoa) 


10.0 


• 

• 

Olive oil 


. , 

10 0 



Cottonseed oil 


•• 


10 0 


Composition, of fat 
soluble supplement 



Daily dose per rat 


0 2dj1 

Ethyl linoleate 

0,2 ml 

0.2 ml 

0,2 ml 


Pat soluble vitamins 

3 

3 

3 

3 



^The fat free basal diet had the following composition: Ether extracted 
vitamin test casein, General Biochemicals, Inc., 30.0%; Sure’s salts no. 1 ( -^ ) 
4 5%; cystine, O.P., 0.3%, sucrose, 65 2%; 2 methyl, 1-4 naphthoquinone, l^g 
per gram of diet. 

'The vitamin B complex supplement had the following composition: 
sohe F extracted nee bran concentrate, National Oil Products Co, OGCgni, n o 
flavin, 0,10 gm; calcium pantothenate, 0 2ogm; inositol, 3 50 gin; choline cblon e, 
5.00 gm; distilled ivater to make 1,000 ml, 

^Por groups 1, 2, 3, and 5 the folloiving daily amounts of fat soluble vitamms 
w ere fed, dissolved in the ethyl linoleate : crystalline vitamin Bj, 25 I U , crya 
talline beta carotene, SOAtg; alpha-tocopherol, 1 0 mg. In the case of 
the same amounts of the \itamins were fed, dissolved in a daily dose of 0- ni 
of cottonseed oil. 


ether extraction of vitamin test casein ® ■which, when receive , 
had already been extracted repeatedly with ethyl alcohol dui- 
ing its mannfactiTre. The vitamin B complex supplement was 
prepared from rice bi’an concentrate ® by diluting it with dis- 
tilled water in the ratio of one to three and liquid-extracting 
this mixture with petroleum ether (Skelly-solve F) mid 
a fat free extract was obtained as revealed by the turbidi y 
test of Bloor (’14). 


Obtained from General Biochemicals, Inc 

Obtained from National Oil Products Co, Harrison, N. J. 
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DISCUSSION AND RESULTS 

One of tlie main difficulties encountered in obtaining reli- 
able results is tbe need to produce a fat free basal diet, 
particularly when growth-promoting substances that may 
be active in minute amounts are involved. i\Iackeirzie et al. 
(’39) showed the difficulties involved in obtaining fat free 
diets by solvent extraction of yeast and casein. Commercial 
sucrose was shown by these workers to be a fat free source 
of carbohydrate. In order to eliminate the possibility of fat 
contamination by yeast (commonly used as a B complex 
supplement in low fat diets) and the carbohydrate-containing 
fraction of the diet, we decided to use fat-extracted rice 
bran concentrate as the source of vitamin B complex factors 
and commercial sucrose as the main carbohydrate. 

The basal diet, when tested on a group of rats in earlier 
experiments, produced the typical essential fatty acid de- 
ficiency symptoms described by Martin ( ’39) within 90 days. 
Since the casein in our basal diet is the only ingredient 
which, according to our views, may still contain small amounts 
of fat, it would seem reasonable to assume that an essentially 
fat free diet could be compounded by replacing casein with 
a protein hydrolysate which can be made absolutely fat free. 
This would of course pose the additional problem of pi'o- 
ducing a hydrolysate that supports normal growth. This 
problem is now being further investigated in this laboratory. 

The results given in table 2 show that there are no hereto- 
fore unrecognized fat soluble growth-promoting factors for 
the rat (vaccenic acid or others) present in summer butter- 
fat which are not also present in margarine fat and cotton- 
seed oil to the same extent as measured by growth response. 
This conclusion is supported by comparison of weight gains 
as well as mean body lengths of the rats. That the formation 
of adipose tissue in the carcasses of the rats does not influence 
these conclusions is seen by a comparison of the carcass 
fat content determined for each group. Group 4, which was 

’ Nucoa. 
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fed cottonseed oil, showed the largest gain both as to weight 
and body leng-th, but a statistical evaluation® of the data 
proved the difference to be non-significant. Cottonseed oil, 
however, gave a significantly greater growth response than 
did olive oil. Group 5, which received no other fat than ethyl 
linoleate, showed a significantly lower response both as to 
groAvth and body length than the groups that were fed 


TABLE 2 

Results of feeding experiment 


CATEGORY OR INTEREST 



GROUP 



1 

2 

3 

4 

5 

Mean daily weight gain per 
rat in grams from 30 
through 100 days of age 

4.28 

4.27 

3.99 

4.42 

3.63 

Standard error of 
the mean 

0,141 

0.104 

0.0950 

0.124 

0.0890 

Average daily food intake 
in grams per rat 

17.2 

17.3 

16.4 

19.7 

20.2 

Mean body length in milli- 
meters at 100 days 

243.0 

245.0 

241.4 

246.7 

235.9 

Standard error of 
the mean 

1.36 

1.14 

1.31 

1.78 

1.74 

Per cent fat in evis- 
cerated carcasses 

14.91 

14.56 

15.89 

14.26 

12.47 


suminer butterfat, margarine fat, and cottonseed oil. Tliis 
would seem to indicate that all the fats fed in these experi- 
ments stimulated the gTowth of rats when added to a fat 
free diet. These results are in accord with those of Deuel 
et al. (^47). 

Our conclusions with reference to vaccenic acid are in con- 
tradiction to the results of Boer et al. (’47a,b), who claim 

® Our criterion for significant difference was as follows : Kj* + £ 3 ^ * where 
ni, and in, are the two mean results and and E, are their respective 

standard errors. If the figure derived from this expression was two or more, 
the difference was considered significant. 
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that summer butterfat contains a rat growth-promoting sub- 
stance, later identified by them as vaccenic acid, present in 
smaller amounts in, or absent from, certain vegetable oils. 
In their work on the vaccenic acid content of various fats 
and oils Geyer et al. ( ’47) have shown cottonseed oil to contain 
no vaccenic acid. Therefore, since in our work the group 
of rats fed cottonseed oil showed the greatest gain in weight 
and body length, we may conclude that v'accenie acid is of 
no significance as a growth-promoting factor. These con- 
clusions are in accord mth those of Deuel et al. (’48), von 
Euler and von Euler (’48), and Nath et al. (’48b). 

smoiARY 

Eat growth experiments were conducted over a 70-day 
period in which summer butterfat, margai'ine fat, cottonseed 
oil, and olive oil were added at levels of 10% to an otherwise 
fat free basal ration capable by itself of producing essential 
fatty acid defi.cieney symptoms. Using growth and body 
length measurements as criteria, it is concluded that there 
are no heretofore unrecognized fat soluble growth factors 
such as vaccenic acid present in summer butterfat which are 
not also present to the same extent in margarine fat and 
cottonseed oil. The addition of each of the above fats to a 
fat free diet produced a significant growth stimulation. 
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INTESTINAL SYNTHESIS OP NIACIN AND THE 
METABOLIC INTBRKELATIONSHIP OF 
TRYPTOPHAN AND NIACIN IN 
THE RABBIT 

n RT.AX nn OLCESB, P. B. PEARSON AND PATRICIA SPARKS 
Department of Biochemistry and Nutrition, Agricultural and Uechamcal 
College of Texas, College Station 

TWO FIGUEES 

(Received for publicatiou May 21, 1949) 

Ample evidence lias been presented showing that several 
species have the ability to synthesize niacin from tryptophan. 
Krehl et al. (’45) found that the addition of corn to a low 
protein diet produced a niacin deficiency in the rat, a species 
which had not been shown before to require this vitamin. 
The animals grew very poorly, and normal growth could be 
restored by the addition of either niacin or tryptophan to 
the diet. Woolley ( ’45) has shown that niacin deficiency in 
the mouse produced by the feeding of acetylpyridine, an anti- 
vitamin for niacin, can be cured by the addition of tryptophan. 
Niacin deficiency has also been produced in the chick ; in this 
species the criteria of deficiency have been poor growth, poor 
feathering and perosis. These symptoms respond to trypto- 
phan therapy (Briggs, ’45). Interchangeability of niacin and 
tryptophan has been reported for the dog (Hundley, ’47; 
Singal et ah, ’48), cotton rats (Schweigert and Pearson, ’48) 
and pigs (Luecke et ah, ’47). 

On the other hand, it has been demonstrated that, as in the 
case of other water soluble vitamins, niacin is not essential 
for growth in the ruminants (Pearson, Schmidt and Mackey, 
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’39; McElroy and Goss, ’39; Winegar, Pearson and Selnnidt, 
’40; Lardinois et al., ’44; and Johnson et al., ’ 47 ). Apparent y 
in this case the bacterial synthesis of niacin in the rumen 
these species is large enough to meet their ^ 

The effect of niacin deficient diets on the growth oUa _ 
has been reported by Wooley and Sebrell (’4o). The^^^^ 
vestigators found that the growth of vL 

by a niacin deficiency when they received a diet which 
tained 20% casein. There was no difference in the 
tent of the liver, kidney or musck in rabbits receiving 
deficient in and supplemented with this vitamm. n 
study Wooley (’47) reported that ^ntation wi 

niacin or tryptophan for 8 wmeks producec 
niacin in the liver of rabbits which had been pi _ 
a diet low in this vitamin. There was no 
in the niacin content of the muscles of the ^lie 

tophan supplemented diet as compared wi gebrell 

g. oup fed the defleient diet. The report of 
(’45) that niacin is required for normal 047) 

is surprising, especially because of the work 0 
and Schweigert and Pearson (’48), Gaining 


2070 casein. ±iurtnermore, rauuitts /nicese, 

of riboflavin, pantothenic acid, biotin and folic . 

Pearson and Schweigert, ’48), ^Ifpstination” 

the animal in the course of the function of leii 
or “physiological coprophagy.” This peculiarity oti 
bit makes this species similar to the ruminan ^ gubstaii- 
requirement for the B vitamins is concerned, i„ 

tial synthesis and utilization of niacin wou e - 
the rabbit. Since the results secured by Tk ooley 
to support this viewpoint, it was important ^ 0 1 
the need of the rabbit for niacin and to obtain 
the niacin-tryptophan interrelationship m /S •„ .^^ork to 
ance studies have been conducted in the course ot ^itaniin 
determine the extent of intestinal , ^.fwlnico- 

in the rabbit. Bate of growth and niacin and i 
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tiuamide excretion in the urine are the criteria used in in- 
terpreting the niacin-tryptophan interrelationship. 

EXPERIMENTAL 

Two series of experiments were conducted with New Zea- 
land white rabbits 8 weeks old and with weights ranging from 
about 800 to 1,200 gm in the first experiment and from 1,000 
to 1,600 gm in the second. The rabbits were housed in a room 
which was equipped with a heater and air cooling units. The 
room temperature was maintained at about 75°P. to 80°P. at 
all times. The rabbits were kept in groups in cages provided 
with wire mesh floors ; water and food were given ad libitum. 

TABLE 1 


Compositioji of the diets ^ 


IXGEEDIZXTS 


DIET KO. 


1 and 2 

3 and 4 

5 and 6 


gm 

gm 

gm 

Purified casein 

20.0 

20.0 

30.0 

Gerelose 

58.5 

53.28 

48.5 

Wood pulp 

10.0 

10.0 

10.0 

Tryptophan 


0.22 


Salts IV * 

3.0 

3.0 

3.0 

A and I) oil 

0.5 

0.5 

0.5 

Com oil 

8.0 

8.0 

8.0 


^ The diets were supplemented witli the following vitamins in milligrams per kilo- 
gram.: mixed tocopherols 500, choline chloride 2,000, inositol 100, 2-methyi, 1-4 naph- 
thoquinone 0.75, pyridoxine 7, thiamine 7, riboflavin 7 and calcium pantothenate 10. 
Diets 2, 4 and 6 were supplemented ivith 600 mg of niacin per kilogram. 

Hegsted, R. C. ilills, C. A. Elvehjem and E. B. Hart. J. Biol. Chem., 138: 
159, 1941. 

The rabbits wmre distributed so as to have the same number 
of males and females in tbe different groups. Otherwise the 
groups were formed by random selection. Tbe composition 
of tbe diets used is shown in table 1. During the first few 
days of the experiment the purified diets were mixed with 
stock diet to make them more acceptable to the rabbits. 
The addition of trjqDtophan to rations 3 and 4 containing 
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20% casein was done so as to bring the total tryptophan con- 
tent of these rations to the same level as that of rations 5 and 
6, which contained 30% casein. 

Foi the metabolism studies individual metabolic cages with 
double bottom wire floors were used. The rabbits were placed 
in these cages after the 4th week on the experimental diets. 
In both experiments collections were made from the different 
gioups at the same time in order to obtain data for comparable 
peiiods for all groups. The rabbits were placed in the cages 
for the collection of the urine and feces for a period of 72 
hours. The feed consumption for the three-day period was 
1 ecorded. The urine was collected in bottles containing acetic 
acid, and at the end of the third day the contents were mixed 
and the volume made up to 1,000 ml with water. Appropriate 
aliquots were neuti'alized and used for assay. The feces were 
dried for .24 hours at 60 ®C., weighed, and finely ground. Sam- 
ples Avere then taken for determination of niacin and N'- 
methylnicotinamide. Niacin was detez'mined by the microbio- 
logical method of Krehl, Strong and Elvehjem (’43) using 
L. arahinosiis as the test oi’ganism and after the niacin was 
liberated by autoclaving the samples with H0SO4 for 30 min. 
N “methyinicotinamide Avas determined in the uidne by the 
fluorometric method of Huff, PeidzAveig and Tilden ( ’45) with- 
out any treatmezit of the samples previous to the assay. 

RESULTS AND DISCUSSION 

The first expez'iment Avas designed to test whether i‘abbits 
fed purified diets with and Avithout niacin Avould synthesize 
this vitamin. Ten z'abbits were diidded into two gz’oups of 
5 each. One group Avas fed diet 2, Avhich was supplemented 
Avith 60 mg of niacin per 100 gm of diet. The other group was 
fed diet 1, Avhieh Aims not supplemented Avith niacin. Analysis 
showed that it contained 0.3 pg* of niacin pei* gram. The 
rabbits AA^ere maintained on these diets for 12 weeks. During 
this time the rabbits in both groups made good gains; the 
groAvth data on this expeiument ai’e shoAvn in figure 1. The 
rabbits fed the diet supplemented Avith niacin made the best 
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gains, \ritli an average gain for the 12-week period of 1,637 
gin. In the group fed the niacin deficient diet one rabbit died 
during the second week of the experiment. He had made 
satisfactory gains and his death is not attributed to a niacin 
deficiency. The other 4 rabbits in this group made an average 
gain of 1,057 gm in the 12'Week experimental period. 

The difference in the growth of the two groups of rab- 
bits is statistically significant, showing that depression in 
growth resulted from the deficiency of niacin. This depression 



1 Effect of niacin supplementation on the growth of rabbits. Diet 1, 
basal ivith no niacin; diet 2, basal plus niacin. 


of growth is probably related to food consumption. Wooley 
and Sebrell (’45) found, in the course of studies with purified 
diets similar to the ones used in this experiment, that anorexia 
was the only symptom of niacin deficiency in the rabbit. In 
the present studies careful observations made on the rabbits 
fed the deficient diet failed to show any of the characteristic 
symptoms of niacin deficiency that have been reported for 
other species. Neither hlacktongne nor diarrhea was present 
at any time. Dermatitis did not appear either, hut a strong 
tendency of the rabbits to eat each other’s hair was shown 
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by rabbits in botii ffrouns T'tiio ^ 

observed before in tbe elnrse Lad been 

in tbe rabbit, is not attribntprl^+ on B vitamin synthesis 

symptom was shown by rabbits ^in bT”^ deficiency since the 
At the end of fbl Zi ^ ^n both groups. 

nietabohsm studies t ^ 

different periods for each rabn-f collected for two 

tbe feed, feces and urine and N' ^ determined in 

nrme. A total of 8 collecting ^ -methylnicotinamide in the 
feces of rabbits from tha nrine and 

tions were made of tlm deficient diets and 10 collec- 

of the urine and feces of rabbits receiving 

table 2 

* "" 2 j*'"” w '» «- m 

fv^i ’’^^eotinic acid diets 

e-'^pressed in mierograms per 24 hours) 


Niacin ingested 
Niacin excreted in : 
urine 
feces 
total 

N'-metlijInicotinamide 

in urine 


139.9 (8)" 

38.8 (8) 

178.7 


XIACIN-SUPPLEMEXTZD 

GROUP 

25280.0 


3059.7 

(10) 

64.1 

(10) 

3123.8 


290.0 

(10) 


137.8 (8) 

a parentheses gives the number of collection periods. 

the supplemented diet Tha + 

and N'-methvlnioofiiio ’ • , ® oata on the excretion of niacin 
fed the niacS^dete^ In the group 

niacin was 11.2 no- • fbo average daily ingestion of 

the feces was 178 7 ' o- . ^ed excretion in the urine and 

in the amount of ^bis 16-fold increase 

very significant and definifflv ■' 

occurred The fn^>t +1 x ^ shoivs that substantial synthesis 

Mgber tbau L Zl,!^ ^S.S.* v„3 

synthesized in the ^^^f^oates that niacin was being 

me..t with similar “ 

ound mtli this species in the case 
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of other B vitamins (Olcese et al., ’48). The values for N'- 
methylnicotinamide excretion were consistently higher in the 
rabbits which received niacin. These animals excreted an 
average of 290 ag of N'-methylnicotinamide daily, as compared 
with 138 ag for the rabbits on the niacin deficient diet. The 
significance of the difference in the excretion of N'-methyl- 
nicotinamide is questionable, since in the subsequent series 
the values for the niacin deficient and supplemented rabbits 
were nearly the same. 

Effect of level of tryptophan intake 
This series was designed to obtain data on the conversion 
of tryptophan to niacin and on the growth response of rabbits 
fed various combinations of these supplements. Six groups 
of 5 rabbits each were used. They were started on diets 1, 2, 
3, 4, 5 and 6. The first 4 diets contained 20% casein and were 
devised primarily to test the response of the rabbit to niacin 
and tryptophan. Rations 5 and 6 contained 30% casein and 
were used for the purpose of determining if tryptophan fed 
as casein is as effective in preventing niacin deficiency as 
when fed in the form of free amino acid. 

The average growth of the rabbits in the different groups 
in this experiment is sho^vn in figure 2. Some rabbits in the 
different groups refused to eat the purified diets and there 
was some difficulty in getting them started on the diets. The 
rabbits which received diet 1 showed a particular aversion 
for the purified diet. This accounts for the sharp decline in 
growth shown by these rabbits (fig. 2) at the beginning of 
the experiment. Since rabbits practice functional eoprophagy, 
the question is raised of the possibility that under conditions 
of natural diets, which are more palatable than the purified 
diets, the problem of a niacin deficiency might not be so seri- 
ous. It should be pointed out that the only symptom attributed 
by 'Wooley and Sebrell (’45) to niacin deficiency in rabbits 
fed purified diets was anorexia. It is interesting to note that 
these investigators found rabbits that made gains when fed 
the niacin deficient diets. In the present experiment there 
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was also one rabbit fed tbe deficient diet wbicb made fairly 
good gains. How.ever, tbe rabbits on tbe low niacin intake 
lost an average of 34 gm in 10 weeks. Tbe rabbits which re- 
ceived ration 2 witb 20% casein and niacin gained an average 
of 680 gan in 10 weeks. Tbe I'abbits wbicb received ration 3 
Avitb 20% casein and tryptophan gained 864 gm. The rabbits 
wbicb received ration 4 witb 20% casein plus niacin and tiyp- 
topban gained 693 gni. Tbe i'abbits receiving ration 5 with 



Fig, 2 Effect of different diets on the growth of rabbits. Diet 1, basal with 
20% casein and no niacin; diet 2, basal plus niacin; diet 3, basal plus trypto- 
phan; diet 4, basal plus niacin and tryptophan; diet 5, 30% casein without niaciui 
and diet 6, 30% casein plus niacin. 

30% casein but no niacin or tryptophan made an average gain 
of only 247 gm, while the rabbits receiving ration 6 with 30% 
casein plus niacin gained 629 gm. 

Comparing the growth of the rabbits which received casein 
without added nicotinic acid with that of those I'eceiviiig 20% 
casein plus tryptophan at the same level as the 30% casein 
gioup, it cau be seen that the gains in weight of the group 
receiving the free amino acid were much highei’ than in 
case of the rabbits receiving the extra tryptophan from casein. 
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This seems to support the finding of Rosen et al, (’46) that 
ivhile tryptophan, administered as the free amino acid, may 
serve as an excellent source of niacin, tryptophan ingested as 
protein is considerably loss effective. 

Several rabbits in the different groups died. One rahbit 
receiving the niacin deficient diet and one receiving the tryp- 
tophan supplemented diet died the first week of the experi- 
ment. The three rabbits that refused to eat in the group fed 
the 20% casein basal diet died from the 7th to the 10th week. 
During the 8th week one rabbit in the group fed 20% casein 
plus niacin developed paraplegia and was killed. Two rabbits 


table 3 

Vrinarij excretion of niacm and N'-methylmcotinaJmde hy rdbhits 


DIET 

> 0 . 

treatment 

DlETiLRY 

IN'GESTIOK OF 

EXCBETIOK IN URINE 

Niacm 

Tr>ptophan 

Niacin 

N'-methyl* 

nicotmaznide 

1 

Basal (20% cas,) 

iig/24 hr 
12.1 

mg/ ^4 hr. 

177.8 

jJiff/24 hr 

75.6 

Mg/24 hr. 

552.3 

2 

Basal -|~ niacin 

24,180.0 

177.2 

1,911.3 

528.0 

3 

Basal trypto. 

10.3 

226.8 

176.5 

758.9 

4 

Basal 4- niacin 
-f trypto. 

31,080.0 

341.8 

2,596.3 

663.5 

5 

30% casein 

9.9 

218.3 

167.3 

818.1 

6 

30% casein 

4“ niacin 

23,100.0 

254.0 

1,716.3 

710.3 


fed 30% casein died during the 5th week of the experiment 
and one fed 30% casein plus niacin died in the 6th week. 
Studies on the urinary excretion of niacin and N'-methyl- 
nicotinamide were conducted starting the 6th week. The 
average values obtained in these studies are shown in table 
3. The urinary excretion of niacin by the rabbits in the group 
receiving the basal diet was 75.6 pg per day. The rabbits 
which received a diet supplemented with tryptophan and those 
which received a diet with 30% casein excreted in the urine 
an average of 176.5 and 167.3 pg of niacin per day, respec- 
tively. This 2.5-fold increase in excretion by the rabbits on 
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the basal diet shows that an increased synthesis of niacin 
resulted from the feeding of extra tiyptophan. The fact that 
the basal diet contains 0.66% as much tryptophan as diets 3 
and 5 indicates that the tryptophan is first used by the rabbit 
to meet its requirements for this amino acid and that the 
synthesis of niacin occurs at the maximum rate only after 
the requirements for tryptophan per se are met. This suggests 
that the conversion of tryptophan to niacin occurs within the 
tissues of the animal itself and is not due to increased intes- 
tinal synthesis, since if the latter were the case it is difficult 
to explain how an increase of 33% in the tryptophan in the 
diet would bring- a 2.5-fold increase in the excretion of niacin. 

The rabbits fed diets 2, 4 and 6, which were supplemented 
with niacin, excreted much higher amounts of niacin through 
the urine than the other animals but still only a small fraction 
of the total amount ingested. 

The values for the urinary excretion of N'-methylnicotina- 
mide in this experiment are sho-wn in table 3. The average 
daily excretion of N'-methylnicotinamide in the urine of the 
rabbits fed the low niacin and 20% casein diet was 552.3 Mg as 
compared with 528 pg for the rabbits fed a diet containing 
20% casein plus niacin. There was considei-able variation 
wdthin a group and the differences between these two groups 
are not considered significant. The results secured in this 
case are in agreement with the finding of Huff and Perlzweig 
(’43) that there is no increase in the urinary excretion of N- 
methylnicotinamide after the feeding of niacin to the rabbit. 
The other 4 groups of rabbits receiving additional trypto- 
phan, either as free amino acid or higher levels of casein, 
excreted in the urine larger amounts of N'-methylnicotinamide 
than the two previous groups. The rabbits fed 20% casein 
plus tryptophan excreted 758.9 pg of N'-methylnieotinamide, 
as compared with 663.5 pg by the rabbits fed 20% casein p ns 
niacin and tryptophan. The rabbits receiving the 30% casein 
diets without and with casein excreted 818.1 Mg’ and 710.3 p? 
of N'-methylnicotinamide, respectively. On the whole no 
variations among the groups were found. 
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The data presented in this paper show that niacin is syn- 
thesized by the rabbit by both microbial activity in the di- 
gestive tract and metabolic processes within the tissues. The 
fact that ti’yptophan fed as the free amino acid gave a better 
growth response than when fed in the form of casein may be 
taken as an indication that free tryptophan is superior for 
synthesis of nicotinic acid than that found in protein. How^- 
ever, it may also be that the increased rate of protein me- 
tabolism increases the demand for niacin. The administration 
of an unbalanced protein in this case would decrease the 
efficiency of tryptophan as a source of niacin. 

SUMAIAET 

1. The feeding of a niacin deficient diet to rabbits re- 
sulted in a decreased gain in weight. One group of rabbits 
fed a purified diet supplemented with 60 mg of niacin per 
100 gm of diet showed an average gain in weight of 1,637 
gm, as compared to a gain of 1,057 gm made by a group that 
received a similar diet without the addition of niacin. 

2. Balance studies showed that considerable amounts pf 
niacin were being synthesized by the rabbits fed the low 
niacin diet. The average daily ingestion of niacin for this 
group was 11.2 pg, with a corresponding niacin excretion of 
178.7 pg. The average daily fecal excretion of niacin amounted 
to 38.8 pg, showing that synthesis was taking place in the di- 
gestive tract. 

3. Growth data secured with 6 groups of rabbits fed dif- 
ferent levels of niacin and fed tryptophan as the free amino 
acid and as additional protein showed that niacin could be 
synthesized from its precursor tryptophan. One group of 
rabbits receiving the basal diet with 20% casein but no addi- 
tional tiyptophan or niacin lost an average of 34 gm in 10 
weeks. The group receiving the basal diet supplemented with 
niacin gained an average of 680 gm in the same period. Rab- 
bits receiving the basal ration plus tryptophan gained 864 
gm, and the rabbits in the control group receiving the basal 
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diet supplemented with both niacin and tiyptophan a ' 

Tvyptopta fed as peotein was not as effect™ as 
fed as free Liao acid, as evidenced by tbe & “ “ 

rabbits in a group fed additional tryptop an m 
casein gained only 247 gm as compaied to ° ° ^ 

Ty the group which was fed the same amount of tiyptopba 

ill the form of free amino acid. 
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INTRODUCTION 

Evidence Las accnmulated that pantothenic acid partici- 
pates at some stage in the metabolism of carbohydrate. Pil- 
grim et al. (’42) and Pilgrim and Blvebjem (’44) found a 
decreased rate of oxygen consumption in the presence of 
pyruvate by liver homogenates of pantothenic acid deficient 
rats. Recent investigations have shown that coenzyme A, 
which is involved in the utilization of acetate and possibly in 
the breakdown of pyruvate to acetate, contains large amounts 
of pantothenic acid (Lipmann et ah, ’47 ; Novelli and Lip- 
mann, ’47 ; Kaplan and Lipmann, ’48) . Animals on a panto- 
thenic acid deficient diet for two to three weeks show a 
gradual depletion of coenzyme A in their tissues (Olson and 
Kaplan, ’48), an inability to acetylate injected p-aminobenzoic 
acid (PABA) (Riggs and Hegsted, ’48), and adrenal corti- 
cal damage if the diet is continued long enough (Daft and 
Sebrell, ’39). In spite of the many reports on the role of 

‘This research %Yas aided by grants from the Roche Anniversary foundation 
and from the National Vitamin Foundation. 

‘Present address: Nutrition Laboratories, Hoffmann-LaRoche, Inc. Nutley 
New Jersey. 
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pantothenic acid in animals, its role in human subjects has 

not as yet been demonstrated. 

This study is concerned Avith an attempt to evaluate e 
role of pantothenic acid in patients with diseases of uie a o 
lism involving the carbohydrate cycle. The patients studie 
had either diabetes, Addison’s disease, or cirrhosis ot me 
liver and, in addition, two patients with chromopho ic 
of the pituitary were studied. Amounts of paiitot ena e a 
above the presumed daily requirement were given o ® 
jects in the form of either calcium pantotheiiate or pantueno . 
The daily dose was from 12 to 20 gm, one-third at eac mea 


EXPERIMENTAL 

mole blood was collected in vials containing oxalate and 
precipitated immediately. Blood sugar Avas determine 
filtrate by the Nelson modification of the Somoni 
(Nelson, ’45). Inorganic phosphate Avas determine ® 
by the Piske and Subbarow ( ’25) method mod ^ o 
Coleman colorimeter. Pantothenic acid Avas e , 

urine by the methods of Atkin et al. (’44) and ej,o 

The first observations Avere concerned Avith the 
pantothenic acid by the subjects. Urine samp es 
lected for 24 hours Avhile the patients Avere on 
diets. The diets were then supplemented with l-i o excre- 
pantothenate daily as indicated. On normal ® 
tion of pantothenic acid ranges from 2.1 mg to ^2’ 24. 

an average of 3.7 mg (Eubin et al., ’48; Sarett, )• 
hour excretion of pantothenic acid by the subj^ ^ ^ ^ 

study is shoAvn in table 1. The range was from 2. 
mg per 24 hours. The latter figure, in a patient avi ^ 
of the liver, may reflect the inclusion in the die 0 . . 

supplements of which we had no knoAvledge. The a 
tion of panthenol, in equivalent doses of calcium 
nate, was associated Avith a greater urinary 
pantothenate, as is shoAvn in the table. The same lesu 
been reported by Eubin et al. (’48). 



TABLE 1 

The 2-l-ho\ir excretion of ya^iiothenaic 



an Cirrhosis of liver Hospital 15 gm Panthenol 2,800.0 12-hr. collection (overnight) 

GE Cirrhosis of liver Hospital 15 gm Panthenol 4,400.0 12-hr. collection (overnight) 

VA Cirrhosis of liver Hospital None 8.6 Average of 2 urine samples 24 hr. each 
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Bcaoxycorticoatcronc acetate. 

Twenty-four-hour uviiiea collected up until beginning of test. 
‘ This liver extract contained 191 Mg/ ml of pantothenic acid. 
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In tlie second part of tlie study tlie effect of tlie intravenous 
administration of glucose or insulin on tlie urinary excretion 
of pantothenic acid was observed. All the tests were done 
on patients fasted overnight. Pantothenic acid was measured 
in the urine voided just before the infusion and in the urine 
collected during three to 4 hours after the injection. Occa- 
sionally an overnight or 12-hour specimen was used for the 

TABLE 3 


Blood glucose and phosphate changes during intravenous glucose tolerance test in 
two patients with Addison^s disease, before and after administration 
of pantothenate 



hotjbs 

BEVOBE PAKTOTHEKATE 

XTTZR PAKTOTHEKATE 


.VTTEB 

outre osn 

Blood glucose 

luorgauic POi 
(Serum) 

Blood glucose 

Inorganic PO 4 
(Serum) 


Pasting 

mg 9o 

80 ^ 72 * 

mg % 

3.22 * 3.42 2 

mg % 

75’ 

mg % 

3.42’ 

3 


210 

3.00 3.20 

248 

3.28 

S 

1 

140 148 

3.06 3.12 

165 

3.37 

33 

2 

61 75 

3.08 3.24 

85 

348 

O 

1 3 

60 50 

3.00 3.40 

58 

3.73 

1 

1 i 

59 62 

3.14 3.52 

60 

3.80 


I Pasting 

68* 

3.86* 

78’ 70* 

4.00 ’ 4.04 * 

< 


176 

3.58 

254 180 

3.72 3.78 

< 

c 

1 

126 

3.72 

159 140 

3.54 3.78 

03 

< 

2 

81 

3.74 

94 88 

3.63 3.90 


3 

72 

3.74 

74 72 

3.67 3.83 


'Beceiving 5 ml cortical extract, 2.5 mg DOGA (desoxycorticosterone acetate) 
and 15 gm salt daily. 

*No cortical extract for 13 days; receiving 2.5 mg DOGA and 15 gm salt daily. 

* Receiving 5 ml cortical extract, DOGA, salt, and calcium pantothenate (15 em 
for 26 days) daily. 

* Receiviing 20 ml cortical extract, 5 mg DOGA, and salt daily. 

’Receiving 20ml cortical extract, DOGA, and salt daily; and calcium panto- 
thenate, 12 gm daily for 7 days. 

*Xo cortical extract for 7 days; 5 mg DOGA and salt daily; calcium pantothen- 
ate, 12 gm daily for 20 days. 
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lutioii infuse/over a pmlo? T?n a 20% so- 

ranged so that the natipTif ° ^ose being ar- 

bodj weight. Obse?va?^.f "TZf of 

on tie patients with el these conditions were made 

P tients with ehromophobio tumors of the pitnitaiy, 

TABLK 4 

phosphate levels during uitravenous administration 
fTpwoio a ^ glucose w insulin 

‘■“"""r.fj T:" ■«““ ■«“ ““ .t n,g. 

doses of calcium pantothenate) 

before pantothenate 

Blood glucose ^Borganic PO 4 
(Serum) 


AFTER PANTOTHENATE 


Blood glucose IiiOfpnicPOi 
(Serum) 

mg % 
2JS' 


o8 

2.40 

68 

2.47 

76 

2.48 

79 

2.46 

232 2 

2.72 - 

213" 

3.28" 

97 

2.04 

143 

2.74 

70 

2.50 

97 

2.76 

103 

2.80 

85 

2.86 

125 

3.48 

93 

3.34 


’Patient received 16 calcium pantothenate daily for 5 days before test. 

“ Test repeated 26 dayriater i “t-venously for test. 

pantothenate daily for 7 a™ of insulin intravenously : 12 gm calcium 

ty xor 7 days prior to test. 

diabetes, aS^V^thite disease, on three patients with 
The results of admi • with cirrhosis of the liver, 

in table 2. The excZ7i §'f^cose intravenously are shown 

by raisino- the V.ln i Pantothenate was not influenced 

=elernt™%S;rX:retiZ^ Simiiarir, the effect of ac 

inetabolisra by administering insulin 
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intravenously liad uo influence on tlie excretion of pantothe- 
nate, as is also shown in table 2. 

Table 3 gives the glucose and inorganic phosphate levels 
during the administration of glucose in the two patients with 
Addison’s disease. The administration of pantothenic acid 
for varying periods prior to the glucose tolerance test did 
not affect the fasting levels of glucose or phosphate or alter 
the nature of the cuiwes. The same type of experiments were 
done on the patients with chromophohic tumors of the pi- 
tuitary and on the diabetic patients. Examples of the results 
of such experiments are given in table 4. Again pantothenate 
bad no appreciable effect on the levels of glucose or inorganic 
phosphate following the intravenous administration of glu- 
cose, nor -was the effect of insulin given intravenously modi- 
fied by the administration of pantothenate. 

DISCUSSION 

The results indicate that the urinary excretion of panto- 
thenic acid is normal in patients with the diseases of me- 
tabolism that were included in the group studied. When cal- 
cium pantothenate or panthenol was added to the diet, the 
excretion of pantothenic acid was increased significantly. 
These findings are the same as were observed in normal sub- 
jects by Eubin et al. (’48, ’49), and fit in with the observa- 
tions of Wright et al. ( ’46) with respect to the renal clearance 
of pantothenic acid. These authors showed that at ordinary 
normal plasma concentrations only a trace of pantothenic 
acid is excreted in the urine, but that on increasing the 
plasma concentration of the compound by oral or intravenous 
administration there is an abrupt rise in the clearance of 
pantothenic acid. 

Wright (’42) showed that when glucose was administered 
to rabbits the blood level of pantothenic acid was decreased, 
presumably as a result of increasing carbohydrate utiliza- 
tion. In the observations by the present authors the levels of 
blood pantothenate were not determined, but in these short- 
term experiments no significant effect on the excretion of 
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pantotlienie acid was observed as a result of glucose or insulin 
administration. 

The fall in serum inorganic phosphate that occurs after 
the administration of glucose or insulin is probably due to 
the formation of an intermediate hexosphosphate (Hartman 
and Bolliger, ’25) or to the diffusion of glucose into tbe tis- 
sues with the formation of a phosphate compound (Levine 
et ah, ’49). Our results indicate that the administration of 
excessive doses of pantothenic acid for periods of ^ 
days does not influence carbohydrate metabolism as le ec e 
by the blood glucose or phosphate levels following the a 
ministration of either glucose or insulin intravenous y. 
should be borne in mind that no experiments were done on 
pantothenic acid deficient diets, but that the expeiimen s weie 
conducted while the patients were on normal diets an wien 
these diets were supplemented with excessive amoun s 

pantothenic acid. . -j 

The administration of very large doses of panto ^ enic 
did not affect the blood glucose levels in the patien s wi 
diabetes nor was there any change in the insulin 
during the period of pantothenic acid administra lom 
observation is in agreement with the finding 
’48) that in alloxan diabetic rats neither the ad i ion 
absence of pantothenic acid in the diet had any e ec on 
level of blood sugar or on the urinary excretion of g 

SUMMARY 

The daily excretion of pantothenic acid was studie 
patients with diabetes, Addison’s disease, cirrhosis ® 
liver, and chromophobie tumor of the pituitary. Ou a 
diet the excretion of pantothenic acid in all ...gte 

from 2.6 to 8.6 mg per 24 hours. When calcium pan o 
was added to the diet the daily excretion rose so t^ ^ 

9% of the ingested pantothenate was excreted.^ oanto- 
thenolwas the source of pantothenate, the excretion o 
thenic acid was still further increased. Insulin an ° 
given intravenously did not affect the excretion of pan o 
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acid in any of tlie patients studied* The blood levels of 
glucose and inorganic phosphate, determined following the 
intravenous administration of glucose or insulin, were not 
influenced by large daily doses of calcium pantothenate. 
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SIS FIGURES 


(KecBived for publication Alarcb. 30 j 1.949^ 

The prod-action of hypei-v^itaininosis A in the rat, the monse 
and the guinea pig, with concurrent hony changes and toxic 
symptoms, has been reported by numerous workers ^Taka- 
hashi et al. (’25), Harris and Moore (’28), Collazo, Eubino 
and Varela (’29), Bomskov and Seemann (’33), Collazo and 
Rodriguez (’33), Drigalski (’33), Moll et al. (’33), Davies 
and Moore (’34), Strauss (’3^’35), Weslaw et al. (’38), 
Coi-nil, Chevallier and Paillas (’39), Moetzel (’39), Wolbach 
andBessey (’42), Moore and "Wang (’45), Wolbach (’47). It 
has been recognized as a result of accidental overdosage in 
man (Rodahl and Moore, ’43; Josephs, ’44; and Rothman and 
Leon, ’48). The dog, however, has never been studied from 
this -viewpoint. Corroboration in a new species of the find- 
ings relating to hypervitaminosis A, and the convenience of 
using a larger animal because of the need of further -work 
on the chemical aspects of the problem, have prompted the 
present investigation. 


EXPEUMEXTAl, 

A litter of 5 greyhound puppies horn of thoroughbred 
greyhounds, laboratory animals of several years’ standing. 


117 



118 


C. L. HADDOCK, S. B. WODBACH AKD S. MADDOGK 


liPaltl puppies were two months old and in good 

the begun. They had been with 

periSl ?t « T experimental 

«^ri this time they were transferred to separate cages 

a d put on a diet of milk, bread, horsemeat, dog chow and 
occasional vitamin D supplement in the form of cod liver oil 

mi ranged between 4.5 and 5.5 kg. 

ihe distribution between the sexes was three males and two 
ema es. ne of each sex, both of them representing the 
eaviei ogs of the litter and weighing 5 + kg, was selected 
for excessive vitamin A administration. 


Dosage and manner of administration 

finn^nr^T^T^ foi’m of concentrate ^ with a potency of 

onn’nno t rr §'ram was used. This was fed at a level of 
1 -1 o ' i’ kilog'i’am of body weight and was given 
excepted. It was administered by mouth for 
e 1 st 22 days of the experiment. Since the anticipated 
result was not obtained after this period, it was thought wiser 
0 iseontinue the oral route of administration. The dogs 
were then fed the concentrate by stomach tube and this was 
0 owe by either 4.0 ml of corn oil or of olive oil, in order to 
iinse e vitamin preparation do^vn the tube. No complications 
^ e-feeding the dogs were encountered, 
wo different samples of concentrate, with similar po- 
eneies, weie employed. Both of them had been repeated!}' 
usecl on guinea pigs and when fed at the above-mentioned 
^ known to give a typical picture of vitamin A excess, 
mtii fracture of long bones, after a 12- to 16-day period. 

Pi ocediires followed during the course 
of the experiment 

The dogs were weighed daily, Sundays excepted. X-rays 
to determine bony changes were taken of the experimental 
anima s anc the controls at the beginning of the experiment 

•Purchased from Distlillation Products, Inc, Eochester, N. T. 
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and at intervals thereafter. The clinical course was carefully 

followed. + 4 ? . 

The dogs were hied at frequent intervals and except oi 

some of the earher hloods, which were studied merely for 
their cholesterol and phospholipid content, determinations 
were done on specimens obtained after a 12-houi as . e 
dogs were followed from the standpoint of serum cholesterol 
and serum lipid-phosphorus throughout the period under 
obsei*vation. Serum inorganic pliosplioius, seium ^ 
pliospliatase and serum vitamin A levels weie followe lom 
the 45th day on. Studies on blood sugar, non-protein nitrogen, 
uric acid, creatinine, serum sodium and serum chloiide veie 
done during the final stages of the experiment. The hrona- 
sulphonphthalein test was done on both experimental ani- 
mals, using normals as controls, once the syndiome was we 
established. 

Serum vitamin A levels were determined by the Lowiy 
Bessey method (Lowiy and Bessey, ’45), checked occasionally 
by the May method (May et ah, ’40). An unpublished Fiske 
and SubbaEow method for lipid-P was employed. Cholesterol 
was determined by the Lieberman-Burchard (Blooi, Pelkan 
and Allen, ’22; Mirsky and Bruger, ’32) colorimetiic pro- 
cedure. The Folin-Malmros (Folin and Malmros,^ ’29) micro- 
method was used for blood sugars. Non-protein nitiogen, 
uric acid, creatinine and creatine were measured by the lou- 
tine Folin procedures (Folin, ’34). Bodansky’s method (Bo- 
dansky, ’32) for determining serum alkaline phosphatase and 
serum inorganic phosphorus was utilized. Serum Ca was 
determined by the Fiske and Adams method (Fiske and 
Adams, ’31), serum chloride by the MTiitehorn method 
(Whitehorn, ’20-’21), and serum sodium by Butler and Tut- 
hill’s (Butler and Tuthill, ’31) method. Bromsulphonphthal- 
ein retention, using a 5% solution and administering 5 mg of 
dye per kilogram of body weight, was measured at the end 
of 5-, 15-, and 30-minute periods. 
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RESULTS 

Weight changes 

showed a satisfactory weight gain 

observation they 

The f^T! ^ respectively. 

The female control during the first 56 days gained an average 

of 93 gm daily. A sudden drop then occurred during the next 
■Pniin^^a ° attack of diarrhea of unexplained origin, 
nai • ^ slower return to normal. Oompaiang the ex- 

penmental male and female ivith their respective male and 
ema e eon lols up to the point where a drop in the weights 


TABLE 1 

Daily weight gain in grams — 53~day yeriod 


control 

EXPI:BrlIE^^'AL 

ATtile 

Fog 1 Dog 3 

Dog 2 


160 168 

93 

Female 

Fog 5 

Dog 4 


111 

73 


of the expel imental animals took place (53rd day), the aver- 
age daily weight gains are as indicated in table 1. From the 
f u • experimental animals showed a precipitous 

tall in weight, the male losing 23% of his maximum weight 
in 8 days, the female 15% in 5 days. 

Clinical course 

The dogs seemed well and normally active up to and beyond 
If ^ ir decline in weight first began to manifest 
se . n he 30th day of the experiment it was first noted that 
eir ^pe 1 es were failing. Solid food, especially meat, was 
refused either wholly or in part. Except for this they con- 
tinued to react normally until two to three days after the 

rather precipitous fall in weight. Prom then on, both rapidly 
declined. ^ 



HYPERVITAMIirOSIS A IN THE DOG 


121 


The female animal, ^vhicll seemed to respond more emphati- 
cally and promptly to the excessive vitamin A, refused to stand, 
yelped when touched, and shivered more or less continuously. 
She acted as though she were in great discomfort. Twenty-four 
hours later her buttocks were soiled, she smelled strongly of 
urine, licked her front paws more or less continuously as does a 
dog which has sustained an injury to them, and was unable to 
use her hind legs. No fractures could be detected but there was 
extreme tenderness over all epiphyses. During the last day of 
life this animal seemed x-elatively indifferent to her surround- 
ings. She was sacrificed under intravenous pentobarbital anes- 
thesia on the 58th day of the experiment. 

The male dog (no. 2), which was maintained on the regime for 
a longer period of time and was sacrificed on the 69th day under 
pentobarbital anesthesia, differed from the female in that he 
showed the effects of a greater weight loss. Skeletal landmarks 
seemed unusually prominent. The normal dorsal curvature of 
the spine was exaggerated, hlovements of the shoulders would 
bring the medial borders of the scapulae into profile, as though 
there were no force to counteract the pull of such muscles around 
the shoulder joint as had scapular attachments. Bony protuber- 
ances, bony ridges and joints seemed more prominent because 
of excessive and rapid wasting. Hyperesthesia of the skin and 
extreme tenderness over all extremities were marked in the last 
few days of life. Unwillingness to stand was a symptom occur- 
ring during the last 48 hours, but at no time were gross frac- 
tures detectable. Both in this dog and the female a moderate 
degree of exophthalmos was noted during the last 7 to 10 days of 
life, but no other ophthalmological changes were noted in either 
dog. 

X-ray findings 

Satisfactory x-ray films of a few bones only were obtained at 
the conclusion of the experiment. The following description 
(dog 2) is based on the comparison with x-ray films fr^m con- 
trol dog 1. 

The epiphyseal lines of all the long bones of the experimental 
dog are markedly narrower than those of control bones. The 
cortices of the femur, tibia, radius and ulna of the experimental 
dog are less dense and thinner. The most striking change is 
shown in the fibula, which is markedly reduced in width and 
density, almost to complete disappearance a few centimeters be- 
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density of the erest just beW thl «f 

;n this location the outlinT^f tb?f^ 

The distal ends of the nlna are m fuzzy in appearance. 

2. the appeaeiee ”'■ 

The distal end of the radbio i, impacted fracture, 

to that of the control and th narrowing, as compared 

to .he epiph,aeai Z Z r '■• 

xe^^uiar and fuzzzy m outline. 

Blood chemistry 

values, tlier^wtl mti? th lipid-phosphorus 

blood picture. The nnn ^ neniarhable in the chemical 

a very moderate degree^ Th^r le™dnally to 

blood creatine nrohnhK ' a ^ ^ terminal increase in 

ittg. Dog 4 shied o' “usele wash 

Ato.™Ml “ d?a.,T normal limits. 

e^nivaioBts p«. tXf 

was little differencp bnf Present in dog- 4. There 

ti'ols as reo-arcls hr experimental animals and con- 

slig'htly increased TPf^+^ ^ onphthalein retention, though a 
an obsen X b fl' “ “e hype.. A aBiBsali was L„, 

Serum vitamin A level/ . S;^i"ea pigs (Maddocic, ’42). 
dog- (Clausen et al mn ’ normally in the 

an 8- to 40-fold iuc;;ase (tabled 
Cholesterol and liuid tbI i 

tered in both eTriPi-i-w, osphorus values remained unal- 
hypei-vitaminosis A wm^ ^ ammals until symptoms of acute 
days before her exit ^ ostablished. The female, three 
of these values ® owed a moderate decline in both 

ondary rise which, ho/r/er''L'irf '’f 

levels. In the male fb i ’ ®bort of the previous normal 
was more abrupt and cholesterol and lipid-P 

until the animal ms sacriaceTtTaWr™'”"'* 
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Postmortem findings 
Gross findings were not important. 

Microscopic examination — 

Heart, The moycardium of both dogs is noi’mal. Ta dog 4 
there is mai’ked dilatation of the lymphatics of the epicardium. 
Some of them contain red blood corpuscles. One small artery 
in the myocardium shows a lesion of the media. Many smooth 
muscle fibers are densely stained, with pyknotie nuclei. Some 
of the smooth muscle cells are hyalin and acidophilic. Others 
stain densely 'syith basic stain and are fragmented. In the ad- 
ventitia there are many polymorphonuclear leukocytes. 

Lungs, There are no lesions in the lungs of dogs 2 and 4. 
Spleen, Dog 2. The follicles are small and inactive. The re- 
ticular cords contain very few lymphoid cells. In the sinuses 
are occasional clumps of densely stained fused red blood cor- 
puscles. There is no ery thropoiesis ; no megakaryocytes. 
are numerous phagocytes containing light yellow globules. T e 
spleen of dog 4 shows some erythropoiesis and numerous meg 
akaryoeytes. The sinuses contain clumps of fused red blood cor- 
puscles, as in dog 2. The secondary follicles show modera e 
activity. 

Liver, In dog 2 there are many small to very large^ necroses. 
The smallest necroses appear in the mid-zonal regions. 
larger necroses involve several lobules. These necroses con am 
very few leukocytes and are therefore regarded 3 S of 
origin. There is fairly marked central fat vacuolization m 
lobules throughout the liver. The cells lining the sinusoids ai 
swollen and finely vacuolated. The liver of dog 4 shows no ne 
crosis, no central fat vacuolization. The cells lining the sinusoi 
are swollen and vacuolated, as in dog 2. The liver 
whole contain more basic staining granular material t 

of dog 2. In the sinusoids are occasional clumps of fus® ^ 
blood corpuscles. ^ 

Gall -bladder. The gall bladder from dog 2 is not ^ 

That of dog 4 shows lesions in many arteries throughou 
thickness of the gall bladder wall of the same nature , 
lesions in the artery of the myocardium. These vascular esi 

will be described more fully below. ^ t rl o* 4 

Pancreas, The pancreas from each dog is negative. Ib Od 
the larger veins contain clumps of fused red blood y 

Gastrointestinal tract. Dog 2, Esophagus, stomach and s 
intestine, normal. In dog 4 many blood vessels of the stom 
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contaiu clumps of fused red blood corpuscles. In the uiusculuris 
there is one mediuiu-sized vein with completely degenerated 
smooth muscle cells in the media, similar to the lesions of vessels 
of heart and gall bladder. Otherwise the stomach is normal. 
Small and large intestine normal. 

Kidneys, The kidneys from both dogs are essentiallj' normal 
except for atrophy of the epithelium of many of the distal con- 
voluted tubules, more marked in dog 4. In dog 4 an occasional 
tubule shows the epithelium to be represented by a very narrow 
fringe of cytoplasm surrounding nuclei. 

Adrenals, The adrenals from dog 2 are normal in appear- 
ance. Those from dog 4 show slightly less lipid vacuolization of 
the fascicular cells of the cortex. 

Bladder. The bladder of dog 2 is normal except for a com- 
pletely organized thrombosed vein on the external surface. The 
bladder of dog 4 is normal except for many acute vesicular 
lesions to be described below. 

Genitalia. Testis — Dog 2. Immature, normal. Uterus — ^Dog 
4. The mucosa is immature but otherwise negative. Ovary — 
Immature but otherwise negative. 

Lymph nodes. The lymph nodes taken from many sources in 
both dogs show sinuses containing many red blood corpuscles. 

All of the lymph sinuses are dilated. There is only a moderate 
amount of phagocytosis of the red blood corpuscles. The lym- 
phoid follicles are normal. Lymph sinuses and veins show clumps 
of fused red blood corpuscles. In one lymph node, from dog 4, 
there is an artery showing the degenerative lesion of the media 
noted in other arteries. 

Thyroid gland. From both dogs, normal. 

Skeletal ninscle. That from dog 2 shows no lesion. That from 
dog 4 shows one vein with degeneration of the smooth muscle 
cells of the media. 

Aorta. That from dog 4 is normal. 

Skin. That from dog 2 is normal. 

Vasc^dar lesions in dog 4.^ Degenerative lesions of the media 
are found in arteries and veins of the myocardium, gall bladder, 
urinary bladder, and one lymph node. These lesions are char- 
acterized by degeneration of smooth muscle cells and various 
stages in their development are present. The earliest change ap- 

*Tlie occurrence of clumps of fused red blood corpuscles in the sinusoids of 
the liver and sinuses of the spleen as an almost constant feature of hypervitamin- 
osis A in rats and guinea pigs should be mentioned here as an early unpublished 
observation of one of the present authors (S. B. W.). 
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pears as an homogeneous dense acidophilic 
muscle cells. More advanced lesions show infiltration oi nie 
S strands of fibrin, proliferation of the intimal endotohiim 
:^d a eolJtion ot red Wo”-* 

endothelitim. Mitotic figures are present m t tliieken- 

also in the endothelmm. Some small t tnl 

ing as the result of mtimal and adventitia P ^ ^551,11 

veins, while the lumen remains open, it is narrove 

of endothelial proliferation. fused red blood 

Another finding is that of mural ttoomh t^e 

corpuscles. The appearance suggests a e g ^^auy 

endothelium is the result of these of endo- 

of the thrombi are covered with one or i^tei- 

thelial cells. Occasionally red .^-1 cells of the 

mingled with the proliferated ( r 'bladder praeti- 

adventitia. In some sections of the wall of 
cally every blood vessel shows these in the 

blood vessels of the gaU bladder are i en have 

mucosa there are many of the involved 

resulted in small infarctions. In addition, m y 
blood vessels are surrounded by small ^o^es J h^ 

While it seems unwarranted at present to ^ adminis- 

vessel lesions as a direct result of |.ljey are quite 

tration, we are at a loss to account for , 
different from any infectious lesion of th 
.re know of and also quite_ different from the blood ves 
associated with the allergic reaction. 

Bones. Based on knowledge of the the 

suiting from vitamin A administration ^^d ga 
study of small animals (Wolbach, 47), we 
in longitudinal and cross sections the epip ys^ should be 
tibia, fibula, femur, radius and ulna of ^og - ^ 

kept in mind that the results on bone of excess v 
administration are exhibited only in the older 

only in regions undergoing growth. A coro y 
studies is that the greater the rate of gro^n 
the more marked are the consequences, , dral bone 

of acceleration of the normal sequences of end 
formation and the remodelling processes. _ epipbys®^^ 

The effects on the growth sequences, mciua „ j 
cartilage sequences and remodelling processes, 
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same nature as those described for the rat and guinea pig 
(Wolbach, ’4:7), though of lesser degree, which can be ac- 
counted for by the facts that the dogs were two mouths old 
when the experiment began and that the dosage of vitamin 
A was 300 I.U. per gram as compared to the 1,000 to 1,250 
LIT. per gram used for rats and guinea pigs. The duration 
of the experiment on dog 2 was 68 days. With rats, the dosages 
used resulted, in 6 to 12 days, in the severe lesions including 
fractures already described (Wolbach, ’47). 

The epiphyseal cartilages in dog 2 of the regions chosen 
for study all exhibit complete consumption of fully grown 
cells, which has resulted in marked narrowing of the carti- 
lage as a whole. Some of the appearances of the cartilage in- 
dicate that inanition effects have retarded the growth of the 
flattened cells in the cartilage columns, but here and there one 
sees deep penetration of the cartilage and blood vessels (fig. 
1). Another indication of rapidity of growth sequences is the 
persistence of the bony trabeculae of the primary spongiosa. 

In the shafts of the bones where remodelling normally takes 
place there are evidences of great increase in subperiosteal 
resorption of bone, just as has been described for smaller ani- 
mals (figs. 2 and 3). There is, on the whole, much less evidence 
of new bone deposition, although newly deposited bone is 
present in regions of remodelling in conformity with the 
normal growth pattern and is much greater than deposition 
of bone in regions not being remodelled. The lesser amount 
of new bone formation as compared to rats and guinea pigs 
is probably the result of two factors — ^the slower tempo of the 
experiment and terminal inanition. In all regions of ac- 
celerated resorption of bone there is marked proliferation 
of periosteal cells and considerable hemorrhage, so that the 
appearances in such locations recall the hemorrhages of 
scurvy and a deficiency in intracellular matrix formation is 
to be considered as a possible factor, although it is not 
reconcilable -with the appearances at the epiphyses and the 
deposit of osteoid wherever required by the normal growth 
pattern. Accelerated resorption of bone resulting in'dimin- 
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ishing strength of periosteal attachments is a reasonable ex- 
planation of hemorrhages, although one we are not yet willing 
to commit ourselves to as a complete explanation because 
excessive vitamin A administration results in a depression 
of prothrombin levels (Light, Aischer and Frey, ’44; Walter, 
Eylenburg and Moore, ’47 ; Haddock, Wolbach and Jensen, 
’48). 

Cross sections of femur, tibia and fibula reveal accelerated 
remodelling changes of cortical bone as required by the nor- 
mal growth pattern. Cross sections of the femur show exag- 
geration of the flattening of the posterior surface with a 
great increase in the number of osteoclasts, periosteal pro- 
liferation and hemorrhage. The intei’ior of the shaft in this 
region shows newly deposited osteoid and formation of com- 
pact bone in progress. The cortex, anteriorly, of the shaft 
shows a much less degree of the same process, indicating that 
at the level chosen the shaft is undergoing diminution in 
thickness. 

The cross section of the tibia likewise shows remodelling 
sequences greatly in excess of the normal, most marked on 
the postex'ior surface and internal and anterior borders. 

The most striking evidence of the accelerated remodelling 
is shown in the cross section of the fibula, of which only a 
small amount of compact bone remains. On one side, resorp- 
tion is active. On the opposite side there is a thick layer of 
newly formed bone and osteoid, features required^ by the 
shift in relationships attending growth with increasing sep- 
aration of tibia and fibula (figs. 4 and 5). 

DISCUSSIOK 

That characteristic skeletal changes and death as a result 
of the administration of excessive doses of vitamin A ai® 
phenomena present in the dog as well as in other mammals 
studied was doubted by some of the German workers in tyi® 
field (Wendt, ’35). The present study indicates that 
sufficient dosage given over a sufficiently long time, the ciOo 
will respond as do the smaller laboratory animals. There is 
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some evidence to indicate that the dog, because of a possible 
lessened susceptibility to the effects of high doses of vitamin 
A, does not possess as delicately balanced a mechanism foz’ 
the adjustment of vitamin A levels as does the rat oi' the 
human (Josephs, ’42). The level of 2,420 I.U. per 100 ml of 
serum encountered during the course of this experiment in 
an adult dog on a regular diet is m excess of the maximum 
value of 950 I.U. per 100 ml of serum cited by Josephs in his 
human case of hypervitaminosis A (Josephs, ’44), of the 
1,200 reported by Toomey and Morissette (’47) and of the 
2,081 reported by Rothman and Leon ( ’48) in other human 
cases. The d 9 g is also unusual in his failure to respond to 
vitamin A administration by heightened cholesterol and 
phospho-lipid values, a finding noted by Wendt in 1935. Se- 
rum lipid rises after vitamin A feeding, either in large or 
toxic doses, have been noted in the human (Takahashi et ah, 
’25; Harris and Moore, ’28; Collazo, Rubino and Varela, ’29) ; 
the rabbit (Harris and Moore, ’28; Bomskov and Seemann, 
’33); the guinea pig (Collazo and Rodriguez, ’33) and the 
rat (Drigalski, ’33). The opposite effect, a fall in cholesterol 
(Drigalski, ’33) and total lipids (Moll et ah, ’33) in the rat 
on vitamin A deficient diets, makes the implication that vi- 
tamin A is a factor in lipid metabolism a possible hypothesis. 

The present study also emphasizes the fact that there are 
no detectable changes from the standpoint of the blood pic- 
ture in carbohydrate, nitrogen and mineral metabolism. Ex- 
cept for a slightly heightened calcium level in one dog, the 
calcium, phosphorus and phosphatase values were essentially 
normal. Similar results have been noted in the rat (Davies 
and Moore, ’34; Strauss, ’34r-’35; Cornil, Chevallier and 
Paillas, ’39). Josephs’ (’44) case of hypervitaminosis in a 
child showed normal calcium and phosphorus values but 
heightened phosphatase values, persisting as long as 6 months 
after the vitamin had been withheld. 

In view of the great skeletal changes resulting from excess 
vitamin A administration, the absence of changes in calcium, 
phosphorus and phosphatase values may seem perplexing. 
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It must be kept in mind that the effect upon tbe skeleton is 
one of increased tempo of growth processes in complete con- 
formity with normal growth patterns, in which removal of 
bone is balanced by new formations of bone and, a priori, the 
rate of metabolic activities resulting therefrom need not be 
reflected quantitatively in the blood. 

It may be suggested that the accelerated rate of consump- 
tion of epiphyseal cartilage — essentially an acceleration of 
skeletal ageing — is accompanied by quantitative changes in 
the blood of an unkno^vn nature. 

STJMMAEY AND CONCLUSIONS 

1. The dog responds, as do other laboratory animals, to 
excessive doses of vitamin A. 

2. This response is marked by loss of appetite, marked 
loss in weight, characteristic skeletal changes, hyperesthesia 
and exophthalmos. 

3. Laboratory findings, with the exception of marked in- 
creases in the vitamin A content of the blood and a late drop 
in blood lipids (lipid-P and cholesterol), show no significant 
alterations. 
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PLATE 1 

EXPLANATION OF FIGURES 

1 2, Photomicrograph. Epiphyseal cartilage, proximal end of tibia. The 
evidences of accelerated growtli sequences are illustrated by deep penetration of 
the cartilage by blood vessels, the character of the primary spongiosa, and the 
penetration of the zone of residual cells by blood vessels from the epiphyseal side. 

2 Dog 2, Photomicrograph. Proximal ends of the fibula showing complete 
consumption of active zones of epiphyseal cartilage, resorption of the periostea 
bone, and subperiosteal hemorrhage. 
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EXPERI^MENTAL BAT CARIES 


II. LOCATIOX, SEQUEilCE .VXD EXTBXX OP CiVBIOUS LESIOXS PRODUCED 
IX THE XOBWAP RAT WHEX RAISED OX A GEXERxVX.l.Y 
ADEQUATE, PIXELY POWDERED, PURIFIED EATIOX 

KEIDAR F. SOGNNAES 

Sarvard School of Dental ZIedicine, Boston, Massachusetts 
eleven' FIGUBES 

(Received for publication July 7, 1949) 

Experimental caries production in various animal species, 
wMcli has been more and more successfully accomplished 
in recent years, will, no doubt, become an increasingly favored 
in vivo research tool in the elucidation of the caries problem. 

"When faced with the choice of species and dietary regimen, 
the type and the experimental usefulness of the animal and 
its carious lesions need careful consideration. 

This paper describes a type of caries which, during the 
past three years, has been produced regularly and at will in 
common laboratory rats (Mus norvegicus) subsisting, from 
prenatal life to maturity, on a purified, finely powdered ration, 
adequate in all nutrients currently recognized as essential 
to growth, reproduction and general health (Sognnaes, ’48a, 
’48b). 

EXPEEIAIEXTAL 

Distribution of the carious lesions 

Under the regimen referred to above, caries has been found 
to be extremely rare and late in occurrence in the maxillary 
rat molars, with a ratio of only about one lesion for every 
30 found in the mandibular molars of a given litter. The fol- 
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lowing description will, therefore, be illustrated by the carious 
lesions occurring in the lower jaw; and, because of the re- 
markable bilateral symmetry of caries exemplified by figures 
1 to 4, it is, for the sake of clarity and brevity, desirable to 
limit the description to one side of the jaw only; namely, the 
lower right molars. 

The mandibular molars of the rat have, as is indicated by 
the letters A to F in figures 5 and 6, a total of 6 main fissures: 
three in the first molar (A, B, C), two in the second (D, E), 
and one (F) in the third. Out of a total of 15 occlusal cusps, 
the first molar has 7 (no. 1 to 7, fig. 5), the second molar 5 
(no. 8 to 12), and the third molar three (no. 13 to 15). The 
distribution and size of the fissures and cusps in the three 
molars seem to justify a ratio of about 5:3:2 between the 
occlusal area of the first, second and third molars, respectively. 
This ratio, within a quadrant of the jaw, would be important 
if one were to desire a finer division of each occlusal surface 
into the relative number of caries-susceptible squares. A 
number of fairly complicated scoring methods have been sug- 
gested in the past and will be used for refined analy.sis of 
expel imental data in the future, but an attempt will be made 
in the present instance to provide a simple grading of 4 well- 
defined stages of carious destruction, which can be recorded 
by surface inspection and photography. 

In rats subsisting on a purified ration (Sognnaes, ’48a), 
the carious destruction has invariably been found to commence 
in the occlusal fissures of the mandibular molars. Of the 
6 main fissures, the central ones of the first and second molars 
(B and I) in figs. 5 and 6) are, as a rule, the first to show 
caries, closely followed by the distal fissure of the first molar 
(C). Thus the pattern of lesions, shovm in figures 7 and 8, 
has quite consistently been the first gross evidence of caries 
in lats raised on the purified ration. At this step some pig- 
mentation may be seen to extend into the walls of the neigh- 
bouiing cusps but, where there is no grossly visible loss of 
suiiounding tooth structure (as exemplified by fig* 
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may refer to this extent of caries as grade I, which is limited 
to isolated, non-siireading fissure lesions. 

In figure 8 it is obvious that the same fissure lesions have 
extended to the walls of the surrounding cusps. One of these 
cusps, no. 7, is completely destroyed; 4 are partly destroyed, 
two in the first molar, no. 5 and no. 6, and two in the second 
molar, no. 10 and no. 11. Counting the area of the fissures 
and cusps involved, we thus arrive at a total of 10 carious 
areas; that is, about 10% of the total occlusal area of the 
mandibular right molars. This stage of destruction, which 
is reached by the beginning breakdown of the tooth substance 
of the cuspal walls surrounding the fissure lesions, may be 
classified as grade II. 

From this stage the caries may progress to the previously 
mentioned fissures of the first (A), second (E), and third 
molars (F), as indicated in figure 9, or this may be preceded 
by further breakdown of the already existing lesions, as is 
shown in figure 10. In either case, it is seen that the total 
extent of caries has increased to a point where about one- 
third of the total occlusal surface area has been destroyed. 
Thus in fignre 9 all of the 6 fissures are affected, altogether 
involving about one-third of the total occlusal surface area, 
and in figure 10 two of the lesions have spread to an extent 
of about 30% of the total area in view. Such cases, in which 
from 10 to 30% of the total occlusal area is involved by caries, 
may be referred to as grade III. 

Following this stage, further destruction has been observed 
to proceed primarily through that part of the cusps which 
separate the fissures, in which case a lesion beginning in one 
fissure will tend to fuse with the neighbouring one in the 
same tooth. Such a course of events has already been noted 
in its incipient stage in fignre 9, where the fissure lesions 
beginning in fissures B and C meet at tbe connecting point 
of cusps no. 5 and no. 6, and in tbe second molar of figui’e 
10 wbere cusps no. 10 and no. 11 are broken down to a point 
where tbe lesions iu fissures D and E are being bridged by 
caries. 
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From this stage the second molar is usually the first tootli 
to he completely destroyed, as is seen in figure 11, followed 
by the central and distal parts of the first molar. At this 
stage the third molar as well may exhibit gross destruction, 
extending to the cusps surrounding the fissure. Hence, in 
figure 11, more than half of the total area is destroyed by 
caries, an extent of decay which may be arbitrarily referred 
to as grade IV. Destruction beyond this stage, or complete 
breakdown of all the mandibular molars, may be observed 
after prolonged experimental periods, at which stage the 
maxillary molars are the only ones left for any further grada- 
tion of the caries intensity. The lesions in the mandibular 
molars are, however, more suitable for the grading of caries 
in experiments of short duration (two to 5 months). As grade 
V one may, therefore desire to classify the total destruc- 
tion of the mandibular molars, which, obviously, would mean 
the end of masticatory function. 


COMMENTS 


The lesions shown in this series of papers have been pm- 
duced in rats raised on a finely powdered, purified ration 
(Sognnaes, ’48a) and are not complicated by the mechanica 
fractures which made differential diagnosis more difficult m 
the coarse particle type of rat caries introduced by Hoppd > 
Webber and Oanniff in 1931. 

All the common lesions have consistently been found o 
occur in the occlusal surface of the rat molars, in contrast o 
the varied distribution observed in hamsters (Arnold, 
Keyes, ’46; Sognnaes, ’48a). As in hamsters, the rat niolais 
have sufficiently wide and open fissures to permit an eai 7 
detection of the fissure lesions by careful inspection undei^a 
binocular microscope, without destroying the specimen 
successive grindings as is necessary in the examination o 
the deep, narrow fissures of cotton rat molai’s (Shaw e a ■> 
’44). Unaltered by the process of caries examination, the la 
jaws may, furthermore, be permanently preserved or n 
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mediately prepared for more refined study of tteir Ustologi- 

cal, chemical, or f S'*!'''' P'iX^rbistological observations, 

It has been determined * ““8“ “"'7= ,, „£ this series 

some of “ a relationship betiveen the 

(Sognnaes, 48b), that tlieie significant 

extent of the lesions '”''’‘‘‘.‘^„“‘‘?Xdved by a binocular 
differences in the extent m width can ’? 7t'’a.struction of the 
surface inspection, or photography, ^^^^^he decree of 
specimens, it is felt that this means o indgmg ^ 

cLious destruction in the Norway ™ whether highly 

ease and uniformity by different mvestigatoi s, whether hi„h y 

^Tbl°^t^of^cTri^VprXced in Norway rats raised on ^ 
purified ration has, in addition, proved to ^ “f^d 

to character than the lesions produced on 

toother rodentn In the thst place, the^^^^^^ 

:rns1eri:i\‘Sirrarse particle.diets ^ 

(Sognnaes, -41 and others). Secon^, it ha been found that 
male and female rats do not exhibit the 
in caries susceptibility which are observed in 
sters (Keyes, ’46; Sognnaes, ’48a). ina , 
trast to both hamsters and cotton rats _ 

Norway rats reproduce well 

ration (Sognnaes, ’48a, ’48b), an advan age w -mitrition 
ticular importance for further studies on prenatal nujtriti 
in relation to the caries susceptibility of the offspring. 
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PLATE 1 

EXPLANATION OP FIGURES 

1—11 ' Mandibular molars of the Norway rat (raised on a finely powdered, 
purified ration). X 10. 

1 and 2 Symmetrical bilateral distribution of a moderate degree of carious 
lesions in the right (1) and left (2) mandibular rat molars. 

3 and 4 Bilateral symmetry of extensive carious lesions. 

5 and 6 The location of the occlusal fissures and cusps of the three mandibu . 
right rat molars. 
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CARIES DISTRIBUTION IN RATS 
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PLATE 2 




grade 


7-11 Various degrees of carious destruction. Initial fissure jj 

1 (fig. 7) is followed by involvnient of the surrounding cuspal 
(fig, 8); of the inter-cuspal ridges, grade III (figs. 9 and lO) and, 
complete destruction of one or more teeth, grade IV (fig. 11) • 


EXPEEBIENTAL BAT GABIES 

III. THE EEFECT OE BKOMIDE ON EXPERIjVIBNTAIj BAT CARIES 
EEIDAR E. SOGNNAES 

Harvard School of Dental Medicine, Boston, Massachusetts 
POUR FIGURES 

(deceived for publicatiou July 7, 1949) 

Previous investigations (Sognnaes, ^48aj ^48b, ’49) have 
shown that experimental caries could be produced in the Nor- 
way rat when bred by mothers subsisting on a purified ration, 
while caries did not occur in rats bred by animals fed a stock 
diet composed of natural food products. 

Because the purified ration used in these experiments con- 
tained all known nutritional essentials but not all food factors 
present in natural foods, the question arose of whether some 
food factor of importance to the teeth might be missing in 
the caries-producing diet. 

When planning further experiments, it first seemed desir- 
able to examine separately some of the volatile elements of 
the halogen group which could not be recovered by ashing 
of whole food and whose inhibitory effect upon caries has 
already been suggested by earlier work reviewed elsewhere 
(Hodge and Sognnaes, ’46) . 

The present paper deals with the influence on rat caries 
of one halogen, the caries inhibitory effect of which does not 
seem to have been tested before ; namely, the effect of bromide 
when added to a purified ration, during tooth development 
on the one hand and all through the experimental period on 
the other. 
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MATERIALS AND METHODS 

The parents of the expei’imental animals were selected from 
the same stock of Long Evans strain rats as those used in the 
first investigations of this series (Sognnaes, ’48b, ’49). From 
weaning time to breeding age 5 females and two males, all 

TABLE 1 

Composition of the caries^producing purified ration ^ 


BASAIj AtIXTUBB 


SUPPLEMENTS 


% 

Carbohydrate (sucrose, i.e., 
granulated cane sugar) 67 


Protein (casein) 

Pat (corn oil) 


Salt mixture 

Ash analysis of salt mixture 

Galeium 

0.63% 

Phosphorus 

0.55% 

Magnesium 

0.033% 

Potassium 

0.45% 

Sodium 

0.44% 

Chlorine 

0.76% 

Iron 

150 p.p.m. 

Manganese 

50 p.p.m. 

Copper 

15 p.p.m. 

Cobalt 

0.65 p.p. 

Iodine 

20 p.p.m. 

Zinc 

30 p.p.m. 

Sulphur 

480 p.p.m. 


‘ The bromine groups of rats were gi 
of bromine as potassium bromide per li 


Liver concentrate 

4% 

Vitamvis 

Tliiamine 

3.Dp.p.m. 

Eiboflaviii 

3.5p.p.m. 

Nicotinic acid 

25.0 p.p.m. 

p-Amiuobenzoic acid 

300.0 p.p.m- 

Pantothenic acid 

20.0 p.p.m- 

Pyridoxine 

3.5 p.p.m. 

Inositol 

1,000 p-p-m. 

Choline 

1,000 p.p-m. 

Vitamin A 

SOU.S.F.WgM 

Vitamin I) 

i.5U.s.p.n/g«> 


en, in addition to the above ration, -00 
gm of diet; i.e., 20p.p.m. 


from one litter, were fed the purified ration shown in table 
1 with the addition of 200 Mg of bromine (as potassium bro- 
mide) per 10 gm of the purified diet, i.e., 20 parts per 
This amount, which is the same as that chosen as a mg 
bromine supply in a nutritional study by Winnek and Smi 
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(’37), is nearly the same as that contained in a natural non- 
caries-producing stock dietd 

After three mouths’ subsistence on the bromide supple- 
mented ration, the mating of the above mentioned litter mates 
resulted in 5 litters totalling 45 animals. These litters were 
at weaning time divided into two groups. One-third of these 
rats, i.e., a total of 15 animals, were continued on the bromide 
supplemented diet (group I). In the other group, an average 
of two-thirds of each litter, i.e., 30 animals, the addition of 
bromide was discontinued at that time (group II). 

Three months after weaning all animals were sacrificed, 
except three litter pairs, which were continued on their re- 
spective diets for another two months in order to follow 
further progress of the existing molar lesions and to include 
some tests of the oral flora. (Data on the latter will he ex- 
panded and reported elsewhere.) 

After sacrifice of the animals the jaws were fixed in 10% 
formalin, examined under binocnlar microscope, upon which 
examination the caries scoring was based, and finally pre- 
pared for histological study. 

RESULTS 

The supplement of bromide during tooth development alone 
did not lessen the high caries susceptibility previously ob- 
served in rats bred by mothers subsisting on the purified 
ration, but continuation of the bromide feeding after tooth 
eruption did provide some inhibition and delay in the prog- 
ress of caries. 

In table 2 is a comparison of the two groups, one of which 
was continued (group I) and one discontinued (group 11) 
on the bromide ration after eruption of the molar teeth. After 
three months, the animals which were continued on the bro- 
mide supplemented diet had only half as many carious areas 
as their litter mates from whose diet the bromide was re- 
moved at weaning. Furthermore, three out of the 12 I’ats in 

'Purina laboratory cbo\v» 
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TABLE 2 

The effect on rat caries of bromide added to the purifed raiion 


EXPERIMENTAL RESULTS^ 

EXPERIMENTAL LITTER NO. OP — 7- 


GROUP 

CONDITION 

reference 

RATS 

Molars 

affected 

Carious 

areas 

Caries 

score 

I 

Continuous bromide 

A 

2 

1.5 

1.5 

1.5 


supplement before 

B 

3 

2.0 

2.3 

3.0 


and after eruption 

C 

3 

2.6 

2.6 

4.0 


of molars 

D 

4" 

3.2 

5.0 

7.0 



Average. 







for all 







litters 

12 

2.5 

3.1 

4.3 

II 

Bromide supplement 

A 

4 

4.5 

6.7 

9.5 


discontinued after 

B 

7 

4.0 

5.6 

7.1 


eruption of molars 

G 

5 

4.6 

6.6 

8.2 



D 

6 

4.7 

7.3 

11.0 



E 

5 

4.8 

8.4 

14.0 , 



Average 







for all 







litters 

27 

4.5 

6.8 

9.9 


'Based upon binocular examination (X 30) of molars following sacrifice of t e 
rats three months after weaning. 

’ Photomicrographs in figures 3 and 4 are from the molars of one of these li er 
mates. 


TABLE 3 

Individual Utter-m*ate comparison of caries intensity with and without prolongation 
of the bromide supplement 


GROUP 


EXPERIMENTAL LITTER 

CONDITION REFERENCE 


Continuous bro- 

A 

mide supplement 

C 

before and after 

E 

eruption of 
molars 

Average 

Bromide supple- 

A 

ment discontin- 

C 

ued after erup- 

E 

tion of molars 

Average 


experimektal b esolts' 


Molars 

affected 


Carious 

areas 


Caries 

score 


3 3 

4 5 

3 5 


3 

5 

7 


3.3 

6 

8 

8 

7.3 


4.3 

8 

9 

21 

10.0 


4.0 

16 

34* 

46 

32.0 


' The rats recorded in this table were sacrificed and 


examined 5 months after 


weaning. 

* The molars (one quadrant of the mouth) of these animals may 
means of the gross photographs shown in figures 1 and 2. 


be compaie<^ hy 
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group I, one from eucli of three litters, niaiiituiued intact 
teeth, while all of the 27 rats in group II developed caries. 
This difference becomes more marked between the litter mates 
which were sacrificed after 5 months. Thus, table 3 shows 
that hardly any further progress of the lesions occurred in 
those rats which were continued on the bromide diet. In the 
group fed the purified diet without bromide addition, the 



Hg. 1 Xonprogressive caries, grade I, iu the mandibular left molars of female 
rat belonging to group I (see table 3) which was fed the purified ration ivith 
continuous bromide supplement for 5 months after neauing, 

^’ig. 2 Progressive caries, grade III, in the mandibular left molars of 
female litter mate of above, belonging to group II (see table 3), which was fed 
the purified ration without bromide addition for the same period after weaning. 


carious score showed a three-fold increase over the previous 
level and was 6 times higher than that of group I. It is of 
interest that the severity of caries was more affected by the 
bromide than the incidence. The great difference between 
group I and II is quite consistent in each pair of litter mates, 
especially after 5 months, as is evident from table 3 as well 
as from the photographs shown in figures 1 and 2. 
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Fig. 3 


the 

\a2it7on^7bromiaejor^«|j^ 

mouths after weaning (see group I, table 2), The carious ^gsg of 

off by a considerable layer of secondary dentine, suggest^^^S ^ 


Decalcified paraffin section, Masson stain (X 10), sho^iUo^ 
ular molars of rat fed the purified ration with the 


the lesions. aerinioi®^ 

Fig. 4 Serial section from above, Gram stain (X 500), ^gjjj^egrated 

caries of distal cusp of first molar with a dense Gram-positive lajer o is 
dentine lining the cavity and a few areas extending into under }i 


tubules. 
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On the whole, the severity of caries was greater than ex- 
pected in the animals who received the bromide addition 
during the period of tooth development only. Indeed, this 
group developed more, rather than less, caries than rats of 
the same strain which in the past had been fed the basic 
purified ration, i.e., without bromide supplement for a com- 
parable period. It may he mentioned that two sisters of the 
bromide-fed. mothers of groups I and II were maintained 
on the basic purified ration and produced litters (cousins 
of groups I and II) which, after a comparable experimental 
period, showed a caries score falling between those of groups 
I and II. This suggests that bromide is ineffective, if not 
detrimental, when administered during tooth formation alone, 
and that the mechanism of action of bromide in reducing caries 
only appears to operate when the bromide is given after tooth 
eruption. 

DISCUSSION 

Bromine is not supposed to be a factor nutritionally essen- 
tial for rats. ' "Winnek and Smith (’37) fed rats a purified, 
practically bromine-free ration from weaning to 200 days 
of age. No significant difference in growth or reproduction was 
found between the bromine-depleted animals and groups fed 
a supplement of 20 p.p.m. of bromine as potassium bromide. 
In their experiments they nevertheless noted that the mothers 
fed the highly purified bromine-free ration did not take suffi- 
cient care of their offspring to raise the litters, as a result 
of which nothing is known about the effect of such a ration 
upon the future health of the offspring of bromine-deficient 
rats, i.e., the effect of a deficiency lasting over several genera- 
tions. Similar criticism may perhaps be made of the negative 
findings available regarding the nutritional essentiality of 
other trace elements, such as fluorine. 

Although no analysis of the bromine content of the teeth 
was made, it is interesting that bromine-fed rats had 4 times 
as high bromine content in their tissues as the animals fed 
a natural stock diet with similar bromine content (TVinnek 
and Smith, ’37). This suggests that bromine in- a purified 
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diet may take the place of some other elements, possibly of 
other halogens, as is suggested by observations of the chlorine: 
bromine ratios of blood following bromide injections (Has- 
tings et al., ’32), If it is confirmed that animals which receive 
a bromide supplemented purified ration during tooth forma- 
tion show an increase rather than a decrease in susceptibility 
to caries, the possibility may appropriately be considered 
that bromine can take the place of a factor more essential 
to the development of caries-resistant tooth structure. 

Posteruptively, on the other hand, the presence of bromide 
did provide some reduction in the extent of caries. If this 
effect is confirmed, then bromide is the third halogen compound 
to show a measurable caries-inhibiting effect when added 
to a caries-producing diet after eruption of the teeth. In 
searching for a factor which would inhibit oral fermentation, 
Miller (’38) observed a reduction of the molar lesions in 
rats resulting from the addition of fluorides and iodoacetate, 
respectively, to a coarsely ground ration. Because the lesions 
produced by such a ration are probably mechanical in their 
initiation, it may, therefore, be assumed that Miller and 
others using the coarse rations (see review by Hodge and 
Sognnaes, ’46) have observed an inhibition of the progress 
rather than the initiation of the lesions. Traumatic factors 
as contributing causes are believed to have been convincingly 
ruled out in the rat caries reported in this series, as is indi- 
cated in part I of this study (Sognnaes, ’48b). Even so, the 
bromide addition to the finely powdered, purified diet also 
seems primarily to have reduced the progress of the lesions 
lather than their initiation. After three months both experi- 
mental groups were seen to have developed a fair number of 
lesions, but the marked difference in severity became apparent 
two months later. "While the lesions of the bromide-fed rats 
weie still in an incipient stage their litter mates, after dis- 
continuation of the bromide supplement, developed very se- 
vere lesions. 
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At present it is not known wlietliev the different caries- 
conducive effects of sucrose, dextrin, starch, and so forth, on 
the teeth are due to the form of carbohydrates per se or to 
the presence in higher carbohydrates of non-removable sub- 
stances. Of such there are many besides bromine, the pres- 
ence of which does not appear to be a potent enough cai’ies 
inhibitor to explain the decreasing caries incidence of rats 
fed sucrose, dextrin, and other higher carbohydrates. It 
seems certain from the above findings that the presence of 
bromide does not explain the consistent caries freedom in 
rats raised on natural stock diets." 

In principle it is interesting, however, that a similarity 
has been found in the caries-inhibiting effects of compounds 
containing fluorine, iodine and bromine when added to caries- 
producing diets and fed to rats after eruption of the teeth. 
The effect of bromine appears, on the other hand, to differ 
from that of fluorine when given before tooth eruption; that is, 
during tooth formation alone. Fluorine, at least in doses 
large enough to cause mottling of the enamel, is believed to 
have some inhibitory effect upon caries even if given during 
tooth development only. While the mode of action requires 
more study in the case of fluorine, such a pre-eruptive mech- 
anism does not seem to apply to bromine, is not known to hold 
for iodine, and is unlikely as regards the more widely dis- 
tributed chlorine. The ratio of these elements may, however, 
be important if, as already suggested, the shortage of one 
may shift the relative retention of another. 

Through experimental caries studies using a purified ration 
there is hope of elucidating these questions. Further work 
IS now in progress to test the period of maximum efficiency 
and the permanency of the effect of fluorine on experimental 
rat caries produced on a purified ration. It may well be that 
the presumably greater caries inhibition of fluorine in con- 
trast to bromine is due to some combination of actions operat- 
lug both during the period of tooth development as well as 
post-eruptively in the oral environment. 

'Such as Purina laboratory chow. 
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SUMMARY 

1. The absence of caries previously observed in rats bred 
by mothers subsisting on a natural stock diet, as compared 
to the extensive caries produced in rats bred on a purified 
ration, cannot be attributed to the presence of bromine in 
the stock diet, because the addition of high doses of bromide 
to the purified ration, during tooth development, failed to 
provide caries protection. 

2. The caries susceptibility observed in rats bred by 
mothers subsisting on a purified diet is not decreased but 
appears to be somewhat increased by the addition of bromide 
to the diet during the period of tooth development alone. 
The possibility is considered that bromine added to a purified 
ration may take the place of a factor more essential to the 
caries resistance of the developing teeth. 

3. Caries could be reduced, however, when the bromide 
supplement was continued after eruption of the teeth. Tins 
seems to suggest that one and the same factor (at least 
when added to a purified diet) may be ineffective or unfavoi- 
able to the teeth during their development and still be favoi- 
able after tooth eruption. 

4. It is suggested that more effective caries inhibitors maj 
be found in food factors which exert a favorable action duiing 
tooth development as well as posteruptively. 
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number 13. To eliminate dietary changes other than the 
presence or absence of vitamin B, the same food mixture was 
ed throughout the control and experimental periods. For the 
Period the treatment of the diet with ether and ferric 
c OTi e to estroy vitamin E was omitted, but it was included 
in the preparation of all food for the experimental period. 

n or er to avoid the danger of obtaining urine contami- 
na e with particles of food, no attempt was made to collect 
comp e e 24-hour specimens of urine. Single samples of urine 
-ki studies were obtained by gentle pressure over 

e a der or more often by catheterization. Since previous 
experience had demonstrated the rapid spontaneous disinte- 
gia ion of the complexes in which we were interested, it 
seemed unwise to carry out our studies of the partition of 
urinary phosphates on specimens of urine which had been 
re ained in the urinaiy bladder for variable and unknown 
time. Hence the plan adopted was to empty the 
bladder by catheterization, using the urine thus obtained for 
creatine and pentose studies, while phosphate partition stud- 
ies were carried out immediately after a sample was obtained 
y a second catheterization two hours after the first, 
he chemical methods employed were those which have 
been described in greater detail in our earlier paper (Minot 
e a 49). Following preliminary treatment with yeast and 
oyd s reagent to remove glucose and other interfering sub- 
stances (Van Slyke and Hawkins, ’29), 10 drops of urine were 
ested with Benedict’s qualitative sugar reagent. At first the 
osazone test was carried out on many samples of treated 
urines even though they failed to reduce Benedict’s solution. 

ater, however, since these attempts always gave negative 
1 esu ts, such samples as failed to reduce copper after heating 
or 45 min. in a boiling water bath were considered to be 
ree of detectable amounts of pentose. Samples giving posi- 
tive reduction tests were treated with phenylhydrazine for 
the formation of osazones. Phosphorus was determined on 
fresh two-hour samples of urine by the method of Lowiw and 
Lopez ( 46). Three types of determinations were run: (a) 
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preexisting inorganic pliospliorus ; (b) phosphorus released 
by T-minute hydrolysis with IN hydrochloric acid; and (c) 
total urinary phosphorus following wet ashing with sulphuric 
and nitric acids. Creatine and creatinine determinations hj'' 
the method of Folin (’ll) were also carried out because 
creatinuria has become so well established as a criterion of 
the onset and progression of nutritional muscular dystrophy 
(Verzar, ’39; Mackenzie and McCollum, ’40). 

Objectively the young rabbits were lively, ate well and 
gained weight during the first three or 4 weeks on the E-de- 
fieient diet. The first indications of deficiency were a cessa- 
tion in weight gain, some loss of appetite, and a tendency to 
less activity. Prom this point on deterioration was progres- 
sive and fairly rapid. Increasing muscular weakness and 
wasting developed and there was a considerable loss in 
weight. One rabbit died prematurely at the end of 4 weeks 
when only early signs of muscular deterioration were ap- 
parent. At autopsy this animal was found to have an intesti- 
nal obstruction. Pour others, after eating the deficient diet 
for periods varying from 6 to 9 weeks, became helpless and 
either died or were sacrificed when in a moribund condition. 
At autopsy, in addition to the extensive typical changes in 
skeletal muscles, two rabbits that died spontaneously showed 
acutely dilated hearts, a finding we have seen frequently in 
E-deficient animals and one which has been described by 
Houchin and Smith (’44). In one instance (rabbit 2), when 
signs of muscular weakness had first become unmistakable, 
vitamin E was restored to the diet and supplemented with 
parenteral injections of a-tocopherol phosphate. All signs of 
muscular weakness soon disappeared and the rabbit is still 
living and well several months after the experiment. 

Typical chemical data obtained during the control and ex- 
perimental periods are presented in table 1. Many more con- 
firmatory repetitions of the same studies were, however, 
carried out at approximately three-day intervals throughout 
the experiments. In no instance was any pentose detected 
either by reduction test or by the formation of osazone dur- 
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ing the control periods or the first week or two that the rab- 
bits ate the E-deficient diet. Studies of the partition of urinary 
phosphate during this same interval served to detect no 
readily hydrolyzable (so-called 7-minute) phosphorus, al- 
though three to 5% of the total phosphorus was pi’esent in 
organic combination. Approximately coincident with the first 
objective signs of deficiency both pentose and small amounts 
of readily hydrolyzable phosphate appeared in the urine, and 
these positive findings persisted until the end of the experi- 
ment in the 5 untreated rabbits. A considerable increase in 
creatinuria usually preceded by several days the presence of 
detectable amounts of pentose-phosphorus-complexes in the 
urine. In the later stages of deficiency the excessive creati- 
nnria so characteristic of muscular dystrophy was apparent 
in every instance. The typical changes in creatine, pentose, 
and phosphorus excretion which were observed with the on- 
set of symptoms in rabbit 2 returned to normal after the 
restoration of vitamin E. 

For purposes of further identification, several samples of 
crude osazones prepared from the urine of these rabbits were 
pooled and repeatedly recrystallized. The purified osazone 
melted at 156.0° C. and no reduction of melting point was 
noted when the osazone from rabbit urine was mixed with 
pure ribosazone or with that obtained from the urine of 
patients with pseudohypertrophic muscular dystrophy. This 
and other incidental evidence in regard to the precipitability 
of pentose complexes with mercury in freshly obtained urine, 
as described in our earlier paper, all indicated that the pen- 
tose-phosphorus-complexes excreted in the urine in both nu- 
tritional and clinical muscular dystrophy are probably the 
same complex. 


co:mmext 

At the present time it is equally impossible to evaluate in 
nutritional and in clinical muscular dystrophy the significance 
of the urinary excretion of what appear to be pentnucleotides. 
One possibility is that the positive urinary findings are merely 
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evidence of a release of cellular constituents from injured 
cells into the blood stream and thence into the urine. If so, 
it must probably be granted that the injury need not be of a 
specific type, for the deterioration in experimental dystrophy 
apparently results from a lack of vitamin E, whereas no such 
deficiency is demonstrable in clinical muscular dystrophy 
(Minot and Prank, ^44). On the other hand, if one indulges 
in the speculation that some inborn or acquired error in 
metabolism may be responsible for both the muscular deterio- 
ration and the abnormal urinary constituents in clinical 
dystrophy, the appearance of the same abnormalities in ex- 
perimental dystrophy might be taken to indicate a failure in 
the same metabolic step in the two conditions. On this basis, 
the hypothetical step involved would be one for which vitamin 
E is essential and which fails when the vitamin is withheld, 
but which may also fail in the presence of adequate amounts 
of vitamin E from other, as yet unrecognized, causes. 

sumjMaky and conclusions 

Studies have been carried out on urines obtained from 6 
young rabbits with muscular dystrophy produced by a dietaiy 
lack of vitamin E. 

Control studies were negative. With the onset of signs of 
muscular dysfunction, pentose and readily hydrolyzable or- 
ganically bound phosphate appeared simultaneously in the 
urine. The isolation and identification of pentose as an osazou^ 
and the liberation of bound phosphate by 7-minute hydrolysis 
with 1 N HCl was considered chemical evidence of the presence 
of pentose-phosphorus-containing complexes apparently iden- 
tical with those reported in clinical eases of progressive 
muscular dystrophy. 
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(Received for publication June 17, 1949) 


Althougli there has been considerable work done on milk 
proteins, a review of the literature revealed only a few 
reports on the essential amino acid content of whole milk 
protein, and limited comparative data on the amino acid com- 
position of the milk and colostrum of different species. 

The amino acid content of human and cow^s milk has been 
compared by Plimmer and Lowndes (’37), Beach et al. (’41), 
Williamson ( ’44) and Block and Bolling ( ’46) . The whole milk 
data of Plimmer and Lowndes, Beach et ah, and Williamson 
were derived from analysis of casein and other protein frac- 
tions. Block and Bolling’s work included an analysis of human 
colostrum. Microbiological data on the amino acid content of 
fresh and processed whole cow’s milk have recently been re- 
ported by Hodson and Krueger (’46, ’47). Cow’s milk and 
colostrum have been analyzed for tryptophan (Sutton and 
Esh, ’48; Bsh and Sutton, ’48). 

Colostrum appears to provide special nutrients which en- 
hance the chance of survival of the newborn animal. It is 
richer in certain vitamins than milk (Dann, ’33 ; Semb et al., 
’34; Pearson and Darnell, ’46; Parrish et al., ’49). Not only 
is the protein content greater, but the protein distribution 

‘Acknowledgments are made to Mary Trant, Shirley Dieterich, Lila Corley 
and Patricia Sparks for technical assistance with the work. 
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is entirely different from that of millc (Crowther and Eai- 
strick, ’16; Parrish et al. ’48). Immune proteins are known 
to be transferred from the mother to her offspring through 
colostrum. The amino acid composition of these immune 
proteins has been determined by Smith et al. (’46, ’47). In 
view of these considerations, and the fact that the biological 
value of a protein is largely determined by its essential amino 
acid content, it appeared desirable to carry out a compara- 
tive study of the essential amino composition of the total 
protein of the colostrum and milk of the cow and sheep. 
Information on the amino acid composition of colostrum may 
find application in the nutrition of calves and lambs, especially 
where substitutes for milk are used. 

EXPERIMENTAL 

Methods 

Samples of colostrum were obtained from the cows within 
12 hours after parturition and from the ewes within t ree 
hours after lambing. Milk was collected after the ® 

had been lactating for 30 days or longer. In the case of e 
cows, colostrum and miUc samples were obtained from ^ e 
same animal. The death of a few of the lambs made it un 
possible to obtain paired colostrum and milk samples m a 
cases. When this happened, milk was obtained from ano er 
ewe of the same breed which had been nursing a lam w 
30 days. The samples were immediately analyzed for o^^ 
nitrogen, and acid hydrolysates were prepared "wit ir* 

hours. ^ TT- 11 hi 

Total nitrogen was determined by semi-micro 

procedure. Crude protein was calculated by multiplyino 
nitrogen value by the factor 6.38. _ 

Twenty milliliters of colostrum or 50 ml of milk 
luted with an equal volume of 12 N HCl, and then 
was added until a total volume of 100 ml per gram o 
protein was obtained. This mixture was refluxed for 2 o • 
After the removal of the excess acid by vacuum disti a > 
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the hydrolysates were diluted to 100 ml, filtered and stored 
in a refrigerator for amino acid analysis. 

Microbiological methods of amino acid assay were em- 
ployed, Valine, leucine, and isoleucine were determined with 
Lactobacillus arabinosus 17-5 (Kuilten et ah, M3). Leuco- 
nostoc mesenter aides P-60 was used to determine methionine 
(Lyman et ah, M6), arginine, lysine and phenylalanine (Kuiken 
and Lyman, unpublished methods). Streptococcus faecalis R 
was used to determine threonine and histidine (Lyman et ah, 
’17). L amino acid standards were used in the assays for 
leucine, isoleucine, arginine, lysine and histidine; dl stand- 
ards were used in the other assays. 

RESULTS AND DISCUSSION 

Data for essential amino acids (except tryptophan) found 
in cow’s colostrum and milk are given in tables 1 and 2, re- 
spectively. The data are expressed in terms of the amino 
acid content of the crude protein, which provides the nutri- 
tionist with the most useful description of the relative distri- 
bution of amino acids in food products. The same data for 
ewe’s milk are given in tables 3 and 4. Table 5, which gives 
the ratio of the amino acid content of milk protein to that 
of the protein of colostrum, was prepared to facilitate com- 
parison of these data. 

Two major differences in the relative distribution of amino 
acids are to be noted. Milk protein from each of these ani- 
mals contains about 1.4 times the amount of methionine found 
in the protein of colostrum but only about 0.6 as much threo- 
nine. In the case of the other amino acids the relative propor- 
tions are more nearly equal. It will be noted that an essen- 
tially identical relationship exists between the relative 
proportions of these amino acids in milk and colostrum for 
both animals. The work of Block and Bolling ( ’46) suggests 
a similar relationship between colostrum and milk in humans. 
According to their data, a typical mother’s milk protein con- 
tained 1.3 times as much methionine as a colostrum protein 
sample, and 0.9 times as much threonine. These differences 
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Esucniial amino acid (except trpplophan) content of mill; of the cow 
(Aiuino acid content cxinosscd as per cent o£ crude piotoin) 
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Average d: 3.52 2.70 5.80 0.20 8.52 2.C5 4.75 4.34 7.12 

Standard error ± 0.048 ± 0.035 ± 0.080 d: 0.090 d: 0.148 di 0.000 d: 0.040 d: 0.051 d: 0.007 



Essential amino acid (except tryptophan) conieiit of colostrtm of the ewe 
(Ammo acid content expressed as per cent of crude protein) 
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TABLE 4 

Essential amino acid (atccpt tryptophan) content of milk of the rwc 
(Amiiio iicid confciit expressed as per cent of crude protein) 
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Average S: 3.20 2.80 0.00 0.80 8.01 O.-OO 4.75 <1.42 7.54 

Slamliird error ±0.051 ±0.031 ±0.051 ±0.081 ±0.103 ± 0.038 ± 0.040 ± 0.037 ±0.000 

Colostrum and milk siuiiplos woro uot oblninoil from tlm samo miimal. 
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lefleet lie ohmg-e in protein distribution whicli occurs dur- 
ng the transition from colostrum to milk production. The 
mmune proteins oliaraoteristio of bovine colostrum may rep- 

I jmim, 48). Such protems as a class representing a number 
ot species have a very high threonine content, ranging from 
.4 to 11 1% (Smith and Greene, ’47). On the other hand, 
ey con am from 0.7 to 1.2% methionine as compared vnth 
% in casein (Lyman et ah, ’46; Hodson and Krueger, 

table 5 

which chaiacterize the relative amino acid composition of viilh and 
colostrum proteins 


AMINO ACID 

ratio Of Amino acid content of 

MILK PROTEIN TO THAT 

OF COLOSTRUM PROTEIN 

RATIO OF amino ACID CONTENT 
OF cow’s MILK PROTEIN TO 


Cow 

Ewe 

THAT OF EWE'S MILK PROTEIN 

Argiuiiie 

Histidine 

Isoleucine 

Leucine 

Lysine 

Methionine 

Phenylalanine 

Threonine 

Valine 

0.83 

1.12 

1.24 

1.02 

1.06 

1.40 

1.06 

0.62 

0.92 

0.82 

1.12 

1.16 

1.02 

1.08 

1.36 

1.08 

0.64 

0.93 

1.08 

0.96 

1.05 

0.94 

0.99 

1.03 

1.00 

0.98 

0.94 


latios of the amino acid content of cow’s milk protein 

o ewe s milk protein are also presented in table 5. It is 

evi en lom a nutritional point of view that the amino acid 

pa ^ins of these two groups of mixed proteins are essentially 

1 en ica . om a consideration of amino acid data alone, 

1 appear that these proteins are of equal nutritional 

value. ^ 

Relatively minor individual variations were observed in 
e amino acid patterns of milk and colostrum from different 
anma s. The extreme values in almost every case fell ^^ell 
wi in 0% of the mean. Although the data are grouped ac- 
coi mg to breed, the authors do not interpret these individual 
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variatioDs in terms of breed. They iirobably reflect minor var- 
iations among^ individual animals in the relative jiroportions 
of particular proteins. 

The authors’ data relating to the essential amino acids 
in cow’s milk are in general agreement iivith values previously 
reported. 

SUMMARY 

Colostrum and milk of the cow and evm were assayed for 
arginine, histidine, isoleuciue, leucine, lysine, methionine, 
phenylalanine, threonine and valine by microbiological meth- 
ods. The milk protein from both species contained about 1.4 
times as much methionine as the protein of colostnim, but 
only 0.6 times as much threonine. Much smaller differences 
were noted in the relative proportions of the other amino 
acids. The amino acid patterns of the milk and colostrum of 
the two species are very similar. 
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THE NUTRITIVE VALUE OF CANNED POODS ^ 

I. A5IIXO ACID COilTEXT OF FISH AND MEAT PRODUCTS 

MAS S. DUNN, MEBBIDL N. CAMIEN, SAJIUEL EIDUSON 
AND BUTS B. MALIN 

Chemical Lahoratory, University of California, Los Angeles 
(Received for publication July 11, 1949) 

This is the first portion of the report of an inter-lahoratory 
amino acid assay project undertaken at the University of 
California at Los Angeles and the University of 'Wisconsin. 
The objects of this research were ; (a) to carry out a rather 
extensive survey of the amino acid content of some common 
protein foodstuffs; (b) to establish the reliability of mici-o- 
biological assay techniques; and (c) to obtain information 
concerning the extent to which canning may affect the amino 
acid content of the proteins in canned foods. The results of 
preliminary experiments and data on those amino acids and 
samples not investigated in the Wisconsin laboratory are 
given in this part of the report. Experimental studies dupli- 
cated in the two laboratories and those carried out only at 
the University of Wisconsin are presented in the second part 
(Neilands et al., ’49). 

A total of 74 individual samples ^ were assayed for the 10 
essential amino acids in the two laboratories. Of this total, 

Paper 59. This work was supported in part by funds provided b}' the i^ational 
Cantiers* Association and the Can Manufacturers’ Institute, and is Ko. XXXIII 
in the series of the nutritive value of canned foods. The authors are indebted 
to L. E. McClure and Dolores Fickes, who determined moisture, ash and nitrogen. 
For paper 58, see Dunn et al. ( ’49b). 

*A11 samples were obtained through the courtesy of the Xational Gunners’ 
Association, the American Can Company and the Continental Can Company, 
Complete details on the sources of the fish and meat products, the methods of 
collection and preservation, and other matters are available in the files of the 
National Canners’ Association, Many of these data have been omitted from 
the present paper in order to conserve space. 

177 



178 


DUNN, CAMIEN, EIDUSON AND MALIN 


41 samples were assayed in both laboratories, 20 samples 
were assayed only at the University of Wisconsin and 16 
samples were assayed only at U.C.L.A." The additional amino 
acids aspartic acid, glutamic acid and glycine were deter- 
mined in all of the samples assayed by the present investiga- 
tois. Proximate analyses were made in both laboratories. 

EXPERIMENTAL 

Pieliminary experiments were run on fresh sardines to 
deterraine the adequacy of preservation processes and micro- 
biological assay methods. The heads, tails and viscera were 
removed within a few hours after the fish were eaugbt. The 
edible portions were homogenized in a Waring Blender and 
frozen in dry ice. This blended material was brought to the 
TJ.C.L.A. laboratory the same day. Aliquots of the mixture 
were: (a) hydrolyzed with acid or base; (b) lyophilized and 
stored at room temperature; and (c) stored frozen at dry 
ice temperature. 

Samples of the hydrolyzed, lyophilized and frozen (packed 
in dry ice) materials were forwarded to the Wisconsin labora- 
tory where the 10 essential amino acids were determined by 
the methods described in part II of this report. After 44 
days of storage all of these materials were assayed for 13 
amino acids at U.C.L.A. No significant differences (except 
for methionine) in the percentages of amino acids were ob- 
served between the hydrolyzed fresh material and that stored 
iir the lyophilized or frozen state. Therefore, freezing, ship- 
ping and storing at dry ice temperature were adopted as a 
general procedure in handling* samples of fresh, raw nia- 
terials.** 

* The apparent discrepancy in the total number of samples is due to the fact 
that samples SPIP, SP2P and SP3P (shrimp) are included in both of the groups 
analyzed separately at each laboratory rather than in the common group. The 
reason for this is that these particular samples were accidentally drained in the 
Wisconsin laboratory and only the solid portions assayed. 

All of the fish and meat products assayed for amino acids were furnished by 
the National Canners’ Association from raw materials collected for this purpose. 
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Tiie fresTtt mateTials ^Ye^'e eleaiied and trimmed and the 
edible portions Avere put into cans and processed according 
to the ■usual commercial cannery procedures. Twenty-tour 
to 36 cans, numbered consecutively for later identification, 
■were collected for each type of material (only 4 cans of whole 
bam were provided). AlTien raw' as well as heat processed 
samples were to he studied, the even numbered cans were 
frozen immediately after sealing by packing them in dry ice 
and the odd numbered cans were sent to the retorts for 
heat processing. A few of the samples of tuna were pre- 
cooked for three to 4 hours at 100 to 103° C. in accordance 
with commercial preparatory methods, but not heat processed 
in the cans. These samples were preserved at dry ice tempera- 
ture and subjected to the same treatment as the raw samples. 
Representative cans from more than half of the samples were 
made available to both laboratories and the remaining samples 
were supplied to one or the other of the two laboratories. 
AU raw and precooked samples were shipped in insulated 
containers packed with dry ice. At IJ.C.L.A. these samples 
were stored at dry ice temperature until assayed. The heat 
processed samples were shipped without refrigeration and 
those received at U.C.L.A. were stored at room temperature 
in the original sealed containers until ready for use. The 
samples analyzed are designated throughout this and the fol- 
loiving paper by a uniform code system. The code designa- 
tion consists of: (a) two capital letters indicating the type 
of product; (b) a number to distinguish between different 
samples of the same product packed at different canneries; 
and (c) a final “R,” “RC,” or “P” indicating that the 
material was raw, precooked, or heat processed, respectively. 

Code letters for the various products and scientific names 
of the fish studied are as follows: MA, Atlantic mackerel. 
Scomber scombris; MP, Pacific mackerel, Pneumatopkonis 
(liego; SO, Atlantic sai-dines in oil, Clupea Jiarengus; ST, 
Pacific sardines in tomato sauce, Sardinops caenilea; PA, 
Atlantic fish flakes, Gadus callarius (cod) and MeJanogra 7 n- 
mts aeglefinus (haddock) ; SC, salmon, Oncorliyiiclius tsclia- 
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wytscha; SH, spiced ham; WH, whole ham; TO, tuna in oil, 
Geimo, Tliiimms, and Neothunmis species; RB, beef; and SP, 
s limp. Thus, MAIR, for example, designates a sample of 

law Atlantic mackerel, and S02P a sample of heat processed 
salmon. 

With the single exception of the shrimp samples, all anal^- 
ses were carried out on the entire can contents, which in- 
c uded not only the actual fish or meat but also, in the case 
of most of the products, various additives such as water, oil, 
tomato sauce, salt, spices, and sugar. For tliis reason the 
proximate composition of each sample was determined, and 
the amino acid values found were expressed as a percentage 
of the crude protein present. 

The sampling’ and assay procedures employed in the 

U.C.L.A. laboratory are described in the following para- 
graphs. 

The contents of 6 cans of material (one can of whole ham) 
weie weighed, ground in a meat gidnder and mixed well to 
insure representative sampling. A 300-gm aliquot of the 
mixture was homogenized in a Waring Blendor, using meas- 
ured amounts of water when necessary to facilitate blending 
Aliquots were weighed immediately for acid and alkaline 
hydiolysis and the remaining homogenate was packed in dry 
ice for storage until moisture, ash and nitrogen could be 
determined. Preliminaiy to the acid hydrolysis, 50 gm of 
the homogenate were allowed to digest for several days with 
100 ml of 12 N HCl at room temperature. Fifty milliliters 
of water were added and the mixture was refluxed for 20 
hours on an oil bath, cooled and filtered. The relatively small 
amount of residue on the filter paper was washed well with 
distilled water. The filtrate and washings were combined, 
made up to volume (500 ml) and stored in the refrigerator 

(at 4 0.). An appropriate aliquot was neutralized and diluted 

to the volume required for the assay. The assay procedures 
were those described previously (Dunn et al, ^49a). Aspartic 
acid, glycine, lysine and phenylalanine were determined with 
Ij&ucoiiostoc oides P—60; arginine with LGctobacdlus 
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casei; glutamic acid, isoleucine, leucine and valine with Lacto- 
bacillus arahiiwsus 17-5; and histidine, methionine and thre- 
onine Viitly-^Lactobacillus fennenti 36. 

For aliiaine hydrolysis a 10-gm aliquot was mixed with a 
solution of 10 gm of NaOH in sufficient water to make a total 
volume of 50 ml. The mixture was placed in a 250-ml flask 

TABLE 1 

Percentages of amino acids in identical sard hie samples assaged in two laboratories 
(calculated as per cent of dry xccight) 


FRESH (acid hydbolysate)^ 

liYOPUIIiEZED ^ FUOZEK * 


amiko acid 

no. 1 

no. 


A 

B 

A 

B 

A 2 


A 

B 

Arginine 

3.1 

3.1 

3.1 

3.1 

2.9 

3.1 

2.9 

3.2 

Aspartic acid 

5.1 


5.0 


4.7 


4.8 


Glutamic acid 

7.0 


7.0 


6.7 


7.1 


Glycine 

2.9 


2.9 






Histidine 

3.0 

2.9 

3.0 

3.0 

2.8 

2.7 

2.8 

2.8 

Isoleucine 

2.7 

2.7 

2.6 

2.8 

2.5 

2.5 

2.6 

2.5 

Leucine 

4.1 

3.9 

4.0 

3.9 

3.8 

3.8 

3.9 

3.8 

Lysine 

4.6 

4.3 

4.6 

4.2 


4.3 

4.5 

4.4 

Methionine 

1.7 

1.3 

1.6 

1.2 

1.5 

1.5 

1.6 

1.6 

Phenylalanine 

2.1 

2.1 

2.1 

2.2 

2.0 

1.9 

2.1 

2.0 

Threonine 

2.4 

2.6 

2.4 

2.6 

2.2 

2.4 

2.3 

2.4 

Tryptophan 

0.5 

0.5 

0.5 

0.5 

0.6 

0.4 

0.6 

0.4^ 

Valine 

3.0 

3.0 

3.0 

3.1 

2.9 

2.7 

2.9 

2.8 


^ Prepared in the authors * laboratory. 

Prepared in the authors’ laboratory but hydrolyzed independently in each 
laboratory. 

B — University of Wisconsin. 

The value 0.5 was found for a hydrolysate prepared according to the procedure 
of Kuihen et al. (’47). 


covered with a beaker, autoclaved for 10 hours at 15 lb. pres- 
sure, cooled and filtered. The relatively small amount of 
residue on the filter paper was washed well with cold 2 17 
NaOH solution. The filtrate and washings were combined, 
made up to 100 ml and stored in the refrigerator. Aliquots 
were neutralized and diluted immediately before making the 
assays. Tryptophan was the only amino acid determined in 
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the alkaline hydrolysates. Lactobacilkis arabinosus 17-5 and 
essentially the same assay procedure as that described by 
Greene and Black (’44) were employed. v'j 

I' 

RESULTS AND DISCUSSION 

Identical or closely agreeing values were found in both 
laboratories for each of the 10 amino acids determined in 
the fresh, lyophilized and frozen samples of edible sardine 

TABLE 2 . 

Proximate analysis of canned fish and meat products ‘ 


CODE 2 

MOIS- 

TTJK.E 

FAT^ 

ASH 

PROTEIH 

(NX 

6.25) 

CODE^ 

MOIS- 

TURE 

FAT^ 

ASH 

rSOTEIN 

(NX 

6.25) 


% 

% 

% 

% 


% 

% 



MA5P 

73.6 

2.71 

2.75 

19.5 

SP2P 

79.4 

0.75 

2.29 

16.3 

MA6P 

74.4 

3.87 

2.69 

19.3 

SP3P^ 


0.86 


14.3 

MP3P 

70.0 

7.70 

2.88 

21.3 

SC3P^ 


23.7 


18.6 

MP4P 

70.1 

4.58 

2.86 

22.2 

SC5P 

60.1 

19.2 

1.59 

19.1 

S05P 

60.5 

16.2 

3.30 

22.3 

SH2P^ 


31.0 


12.4 

S06P 

49.7 

18.6 

2.54 

22.4 

SH3P* 


23.1 


15.1 

ST4P 

64.6 

12.1 

2.58 

19.7 

T02P 

49.4 

20.4 

3.03 

24.7 

SPIP 

77.9 

0.63 

4.14 

16.8 

T04P 

56.4 

17.2 

2.85 

24.8 


‘Samples analyzed at U.C.L.A. only. Values for samples analyzed both at 
U.C.L.A. and the University of Wisconsin are given in table 1 of the second popcf 
(Neilands et al., ^49). 

^ A complete explanation of the sample code is given in the text. 

* The authors are in debt to the University of Wisconsin Alumni Research Foun- 
dation for these values. 

* Sample lost oAving to unintentional interruption of refrigeration. Protein “was 
estimated from nitrogen determined in the acid hydrolysate and probably, there- 
fore, is somewhat low due to loss of nitrogen in the humin. 


material (table 1). It may be concluded from these results 
that the microbiological procedures employed were adequate 
and that the amino acids in fish protein are not altered app^^ 
ciably by lyophilizing or freezing the fresh material. 

The percentages of moisture, ash and protein (N X 
in the samples of fish and meat products analyzed only ^ 
U.O.L.A. are given in table 2. The percentages of aspai ^ 
acid, glutamic acid and glycine in the proteins of the H 
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common samples are given in table 3. The percentages of 
13 amino acids determined in the proteins of the fish and 
meat products assayed only at U.C.L.A. are given in table 4. 
Although there are quantitative differences between some of 

TABLE 3 


Aspartic acidf glutamic acid, and glgcine bi fish and meat samples ‘ 


rnni- 2 ASPABTIO GLUTAMIC 

ACID ACID 

GLYCIXH 

CODE = ASPABTIO I 

acid 

3LUTAMIO 

ACID 

OLYCIKE 


^0 

Vo 

Vo 



Vo 

% 

MAIB 

9.2 

13.1 

5.7 

SCIR 

9.1 

13.2 

6.0 

ilAlP 

9.3 

13.3 

7.0 

SC2R 

9.3 

13.6 

6.2 

MA2R 

9.2 

13.2 

6.2 

SCIP 

9.0 

13.0 

6.4 

iIA2P 

9.0 

12.4 

6.7 

SC2P 

8.8 

12.6 

5.8 


9.0 

12.8 

5.6 

SHIR 

8.7 

14.3 

6.8 

MPoP 

8.3 

13.0 

0.3 

SHIP 

7.7 

13.1 

6.1 

^IP6R 

9.0 

12.8 

5.8 

SH6R 

8.9 

15.8 

6.4 

itP6P 

8.5 

12.8 

5.4 

SHOP 

8.0 

15.8 

6.8 

SR' 

8.T 

12.3 

0.1 

WHIK 

9.1 

14.8 

6.2 

SOIR 

9.2 

13.3 

5.6 

WHIP 

8.6 

14.4 

6.0 

S02R 

7.7 

11.2 

5.3 

AVH2H 

9.5 

15.5 

5.9 

S02P 

9.2 

13.2 

6.4 

WH2P 

8.7 

14.6 

5.9 

ST5R 

9.2 

13.2 

6.6 

T03B 

8.3 

13.0 

4.6 

SToP 

8.0 

11.3 

5.6 

T03RG 

8.8 

13.6 

4.3 

ST6R 

8.9 

11.5 

5.2 

T03P 

8.4 

13.5 

4.5 

ST6RC 

9.6 

13.5 

5.8 

T05R 

8.4 

11.4 

6.1 

ST6P 

8.8 

12.0 

4.9 

T05RC 

8.2 

11.8 

5.0 

PAIR 

10.2 

15.2 

5.2 

T05P 

8.6 

12.2 

4.5 

FAIP 

9.8 

14.6 

5.0 

RBIR 

9.2 

15.1 

5.3 

FA2R 

9.0 

13.6 

4.6 

RBIP 

8.4 

14.0 

5.3 

PA2P 

10.1 

15.1 

5.7 






'Values given as per cent protein (N X 6.25). Percentages for 10 other amino 
acids determined both at IT.C.L.A. and the University of Wisconsin are given in 
the second part of this report (I'J'eilands et al., ’49). 

complete explanation of the sample code is given in the text. 

‘ A sample of raw Pacific sardines. 

the samples, it is of interest that in general there was uni- 
formity of distribution of amino acids similar to that observed 
previously (Dunn et al., ’49a) in the organs and tissues of 
birds and mammals. It appears that glutamic acid and 
aspartic acid are major constituents of animal proteins, while 
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some of the essential amino acids, such as methionine and 
ryptophan, account for only a small proportion of the weight 
of any of the animal proteins.® 

It seerns of particular significance that none of the 13 
amino acids determined was present in significantly lower 

TABLE 4 

Amino acid content of fish and rneat samples 

(Values given as per cent of protein) 


AitlN'O AOTD 



MA5P 

5.2 

8.2 

11.7 

MA6P 

5.1 

7.4 

11.6 

MP3P 

5.3 

7.9 

12.8 

iIP4P 

4.0 

8.1 

12.7 

S05P 

5.2 

8.1 

12.5 

S06P 

5.1 

8.4 

13.1 

ST4P 

5.1 

8.8 

13.4 

SPIP 

8.9 

9.7 

16.0 

SP2P 

8.3 

9.3 

15.5 

SP3P 

8.4 

8.9 

15.0 

SC3P 

5.5 

9.0 

13.1 

SC5P 

5.3 

8.5 

12.3 

SH2P 

6.1 

8.6 

14.6 

SH3P 

5.8 

8.2 

14.1 

T02P 

5.0 

8.7 

12.6 

T04P 

5.3 

8.6 

13.2 


7.5 

3.4 

4.2 

7.4 

7.8 

6.8 

3.2 

4.2 

7.2 

7.6 

5.9 

5.6 

4.9 

7.9 

7.8 

5.5 

5.7 

5.0 

7.9 

8.0 

5.6 

2.0 

4.2 

6.8 

8.3 

4.5 

2.1 

4.5 

7.1 

7.9 

5.6 

4.7 

5.1 

7.2 

8.7 

5.6 

1.84 

4.9 

8.2 

8.1 

6.4 

1.72 

5.1 

8.1 

8.0 

7.1 

1.68 

4.8 

7.8 

8.2 

6.6 

2.4 

5.2 

7.6 

8.5 

6.4 

2.4 

5.0 

7.2 

8.1 

6.3 

3.0 

4.8 

7.8 

8.7 

6.0 

3.0 

4.8 

7.5 

8.2 

4.5 

4.9 

4.7 

7.1 

8.2 

4.6 

7.1 

5.2 

7.4 

8.6 


2.8 

3.1 

4.6 

1.03 

5.0 

2.8 

3.1 

4.7 

0.99 

4.9 

2.7 

3.8 

4.1 

0.94 

5.4 

2.7 

3.7 

4.3 

0.99 

5.5 

2.7 

3.4 

5.1 

0.63 

4.8 

2.8 

3.8 

4.2 

0.85 

5.4 

3.0 

3.8 

4.5 

0.97 

5.6 

2.7 

4.0 

4.1 

0.94 

4.9 

2.5 

3.8 

3.9 

0.86 

4.9 

2.7 

3.8 

4.3 

1.05 

5.1 

3.1 

3.7 

4.3 

0.80 

5.8 

3.1 

3.6 

4.3 

0.79 

5.6 

2.5 

3.9 

3.2 

0.81 

5.3 

2.3 

3.9 

3.1 

0.86 

4.8 

2.7 

3.6 

4.2 

0.89 

5.5 

2.8 

3.9 

4.7 

0.76 

5.7 


A complete explanation of the sample code is given in the text. 


amounts in the canned products than in the corresponding 
raw samples of fish and meat products. A more complete 
discussion of the data obtained in both laboratories is given 
in the second portion of this report (Neilands et al., ’■id)- 

® Methionine in duck egg albumin appears to be an exception, since it com- 
prises more than 6% of the weight of the protein (unpublished data obtained 
by Dunn, Shankman and Camien). 
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SUMMARY' 

A study of the amino acid composition of fish and meat 
products has been made jointly hy the authors and by Pro- 
fessors Elvehjem and Strong and collaborators at the Uni- 
versity of Wisconsin, with the cooperation of the National 
Canners’ Association and the Can Manufacturers’ Institute. 

A total of 74 individual samples were assayed in the two 
laboratories for the 10 essential amino acids. Of this total, 
41 samples were assayed in both laboratories and the others 
were divided into two groups, one assayed only at Wisconsin 
and the other at U.C.L.A. In addition, aspartic acid, glutamic 
acid and glycine were determined in all of the samples assayed 
at the latter institution. It was established that the sample 
preservation processes and the microbiological procedures 
employed were adequate. The distribution of amino acids 
in the canned fish and meat products was generally uniform. 
None of the 13 amino acids determined was significantly 
altered by the heat processing to which the canned samples 
bad been subjected. Data from both laboratories are pre- 
sented and discussed in the second part of this report (Nei- 
lands et ah, ’49). 
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This is the second portion of the report of an inter-labora- 
tory amino acid assay project involving the Univeisity of 
Wisconsin and the University of California at Los Angeles. 
An introduction to the project, a consideration of the pur- 
pose of the work, and a description of the samples analyzed 
can he found in the immediately preceding paper (part I). 

In our laboratory a total of 61 individual samples weie 
assayed for the 10 essential amino acids. Of this total, 41 were 
identical samples assayed also at U.C.L.A. by Dunn et al. 
(’49). In the present paper the assay results for the samples 
assayed in both laboratories vn-ll he presented and discussed. 
Results for the 20 additional samples assayed in this labora- 
tory only will also he presented. 

A proximate analysis is given for each sample in order 
that the amino acid content may be calculated on any desired 
basis. 

^Published "witb tbe approval of the Director of the Wisconsin Agricultural 
Experiment Station. The authors are indebted to hliss Martha Johnson for 
technical assistance with a part of this project. This work was a part of the 
National Canners* Association — Can Manufacturers^ Institute nutrition pro- 
gram, and is No. XXXIII in the series on the nutritive value of canned foods. 
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EXPERIMENTAL 

Samples 

Details of the exact nature, manner of collection and dis- 
tribution of the samples are given in the preceding paper 
(pai ), Foi convenience each sample was assigned a code 
esignation made up of two initials indicating the type of 
pro uct, a number to distinguish among multiple samples of 

e same type of product put up at different canneries and, 
na ly, the letters R, RC or P denoting raw, pre-cooked or 
ea -piocessed, respectively. The initial letters used for each 
ype of product were as follows : MA, Atlantic mackerel; MP, 
Pacific mackerel; SO, Atlantic sardines in oil; ST, Pacific 
sardines in tomato sauce; PA, Atlantic fish flakes; SP, 
shrirnp; SC, salmon; SH, spiced ham; WH, whole ham; TO, 
tuna in oil; RB, beef. All the different foodstuffs investigated, 
■with the exception of shrimp, were represented both by pro- 
cessed samples and by a certain number of raw companion 
samples. The raw samples were received in a frozen state 
and were held at — 4°C. until used. The heat-processed sam- 
ples were allowed to remain at room temperature in the origi- 
nal sealed containers. 

In almost every instance the entire product, including solid 
and liquid portions of the canned foods, was homogenized by 
being passed through a commercial meat grinder several 
times. The three shrimp samples were handled differently, 
since only the solid portion of the pack was sampled.® Im- 
mediately after homogenizing, samples were weighed out for 
hydrolysis and total N determinations. The product was tben 
placed in a tightly closed screw-cap jar and held in the deep 
freeze ( 4 C.) until ahquots for dry weight, ash and fat 

analyses had been taken. 

To prepare each sample for tryptophan assay a 5-gm ali- 
quot was placed in a stainless steel beaker and hydrolyzed in 
5 N NaOH at 121 °C. for 15 hours. This was assumed to race- 

At TJ.C.L.A. both the solid and liquid portions were assayed. These three 
shrimp samples, therefore, are reported as separate samples assayed at each 
umversitj- (cf. Dunn et al., '49, footnote 3). 
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mize completely tlie tryptophan present. The hydrolysate was 
acidified with excess acetic acid and extracted three times 
mth ether to remove the fat. If glass rather than stainless 
steel or nickel beakers were used for this hydrolysis a volu- 
minous precipitate, presumably silica, was always obtained 
on acidification. For the assay of the 9 remaining amino acids 
the hydrolysate was prepared on a 5-gm aliquot with 3 N HCl 
at 121° C. for 5 hours. 


Assay methods 

In our laboratory the proximate analyses (table 1) were 
carried out as follows : Per cent moisture in the sample was 
found by drying a 5-gm aliquot to constant weight (usually 
48 hrs.) at 100° C., followed by drying overnight over CaCL. 
Ash was found by igniting the diy residue from the moisture 
determination at 800 °C. to constant weight (about 6 hrs.). 
Protein was calculated from total N X 6.25 where nitrogen 
was determined by the macro Kjeldahl method. Since the 
amino acid content of the samples was calculated on the basis 
of per cent of crude protein, both the Wisconsin and U.C.L.A. 
protein values are reported for each common sample. 

The uniform medium of Henderson and Snell (’48) and 
the techniques described by these workers were used for 
aU of the amino acid determinations except in analyses where 
Leuconostoc citrovorum 8081 was used as the assay organism. 
In the latter assays the medium was supplemented with liver 
concentrate® at the level suggested in the recent paper of 
Steele et al. (’49). 

The amino acids used as standards possessed microbiologi- 
cal activity that compared well, within the limits of experi- 
mental error, with standards supplied to 20 laboratories for 
the comparative study of 6 proteins in a project coordinated 
by Dr. W. H. Cole, Bureau of Biological Eesearch, Rutgers 
University. A sample of nn-isoleucine supplied by Rutgers 
University was used as the standard, since other available 

* Keticvaogen, Lilly. 
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TABLE 1 


Proa:imate analysis of fish and meat samples ' 


CODE 2 

ilOlSTURE 

TAT 

ASH 

A3 

PBOTEI^' 


% 

% 

7c 

% 


MAIR 

65.1 

16.3 

2.92 

17.8 

17.4 

MAIP 

61.7 

18.0 

2.80 

18.0 

17.6 

MA2R 

61.1 

19.0 

3.01 

17.7 

17.3 

MA2P 

61.3 

16.7 

2.84 

18.7 

17.S 

MA3P 

61.7 

17,6 

3.23 

17.7 


MA4P 

69.0 

5.84 

3.59 

19.1 


MPIP 

68.1 

5.47 

2.20 

26.0 


MP2P 

62.0 

8.22 

2.19 

22.1 


]VrP5B 

71.5 

3,12 

2.40 

21.4 

22.8 

MP5P 

73.7 

3.13 

2.83 

21.9 

20.7 

MP6B 

73.1 

2.36 

2.43 

20.0 

20.7 

MP6P 

70.5 

5.49 

2.94 

23.1 

21.9 

SR* 

70.9 

5.08 

1.87 

20.9 

20.6 

SOIR 

59.5 

17.8 

2.42 

21.3 

Cl 

Cl 

SOIP 

60.9 

15.2 

2.42 

20.9 


S02R 

68.8 

9.95 

2.71 

21.4 

21.3 

S02P 

66.8 

9.87 

2.87 

21.8 

17.9 

S03P 

57.8 

17.3 

4.52 

20.4 


S04P 

53.4 

17.8 

4.05 

23.5 


STIP 

67.0 

10.4 

2.57 

18.6 


ST2P 

63.0 

10.3 

2.57 

18.8 


ST5R 

68.2 

10.7 

2.87 

18.8 

17.1 

SToP 

67.5 

10.4 

3.07 

17.3 

18.0 

ST6B 

69.9 

9.08 

2.42 

17.5 

16.8 

ST6RG 

67.4 

10.5 

2.69 

19.3 

17.1 

ST6P 

66.5 

10.3 

2.91 

20.5 

19.3 

FAIR 

72.4 

0.22 

2.16 

24.0 

25.0 

FAIP 

68.2 

0.31 

3.18 

24.5 

25.3 

FA2B 

72.9 

0.24 

1.97 

22.8 

25.6 

PA2P 

70.7 

0.27 

2.45 

23.0 

25.0 

FA3P 

68.8 

0.43 

2.61 

24.6 


FA4P 

67.3 

0.53 

2.43 

21.0 


SPIP 

69.9 

0.63 

3.91 

26.8 


SP2P 

70.1 

0.75 

2.85 

21.4 


SP3P 

72.3 

0.86 

4.23 

21.8 

18.3 

SCIR 

59.0 

14.3 

2.97 

20.2 

SCIP 

59.4 

17,5 

2.24 

19.0 

18.3 

SC2R 

65.4 

10.4 

2.16 

20.2 

20.4 

SG2P 

64.7 

9.60 

2.81 

22.7 

19.1 

SC4P 

54.6 

24,7 

1.41 

18.5 


SC6P 

53.6 

25.4 

1.18 

18.5 
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CODE* 

MOISTUUU 

FAT 

.\su 

raoTEiK 

V3 B3 


^0 

‘io 


Vo 

Vo 

SHIR 

SHIP 

54.9 

56.0 

23.8 

24.0 

1.82 

2.94 

14.4 

14.6 

14.8 

15.8 

SH4P 

53.1 

24.1 

4.39 

lo.3 


SH5P 

51.3 

23.7 

4.36 

15.1 

13.1 

SH6R 

54.0 

28.6 

3.87 

13,1 

SHOP 

52.8 

26.6 

2.40 

13.8 

13.6 

WHIR 

60.9 

17.5 

1.62 

15.9 

15.4 

WHIP 

58.8 

19.2 

2.25 

16.0 

14.8 

IVH2R 

60.3 

19.5 

3.61 

15.5 

16.0 

WH2P 

56.6 

23.9 

2.06 

17.1 

16.5 

TOIP 

49.2 

22.3 

2.06 

25.6 

25.8 

T03R 

70.9 

0.19 

1.53 

25.4 

T03RC 

50.4 

17.4 

2.42 

25.6 

25.0 

T03P 

50.4 

23.4 

1.53 

25.5 

25.0 

T05R 

63.6 

11.8 

1.42 

25.5 

26.6 

T05RC 

52.7 

18.9 

2.82 

26.4 

29.2 

T05P 

51.1 

20.9 

2.62 

25.5 

25.6 

T06P 

57.2 

13.4 

3.14 

27.7 


RBIE 

71.9 

4.06 

1.21 

21.4 

20.0 

RBIP 

68.8 

6.88 

1.08 

22,7 

21.5 


^ Values for fat represent the results of a single determination carried out by the 
Wisconsin Alumni Research Foundation; those for ash are averages of values 
obtained at Wisconsin and XJ.G.Ij.A., "while those for moisture are averages of 
values obtained at Wisconsin, U.C.L.A., and the above Foundation laboratories. 
*A complete interpretation of the sample code number is given in the text. 

* A — analyses done at Wisconsin. 

B — analyses done at XJ.C.Ij.A, 

* A sample of raw Pacific sardines. 

lots of isoleucine appeared to be contaminated, perhaps with 
alloisolencine. n-methionine * was used for the methionine 
analyses because previous work in this laboratory had indi- 
cated that the n-isomer of DL-methionine had partial activity 
for Streptococcus faecalis B, under our assay conditions. 

Assays were prepared for simultaneous analyses with two 
or more organisms wherever this was possible. Accordingly, 
for each of the amino acids determined at least two of the 

*We msh to thank Dr. David Doherty for this sample of pure, enzymatically 
resolved L-methionine. 
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organisms indicated were used except in the case of lysine 

aresuitaWe'''Thp°d-ff^'‘'^^®®^^® organisms 

assayed hv pa different cultures used and the amino acids 
assayed by each were as follows : 


Arginine 

Histidine 

Isoleucine 

Leucine 

Lysine 

Methionine 

Phenylalanine 

Threonine 

Tryptophan 

Valine 


L. delbruecTcii 3 
L. delbrueclcii 3 
L. delbrueclcii 3 
L. delbrueclcii 3 
L. mesenteroides P-60 
L. mesenteroides P-60 
L. citrovorum 8081 
L. arabinosus 17-5 
S, faecalis R 
S, faecalis R 
L. delbrueclcii 3 


L, citrovorum 8081 
Zr. mesenteroides P-60 
L, mesenteroides P-60 
Z. arabinosus 17-5 

S, faecalis R 
Z. fermenti 36 
Z. delbrueclcii 3 

Z. arabinosus 17-5 
Z. ara&{7i05U5 17-5 


ntjpfl f ^ averaged when more than one organism was 

tbp PQ of a given amino acid. This was 

fnr-D- ^ individual values from this labora- 

tory given in table 2. 

formed by the assay organisms was 

in analyses done 

nis laboratory and reported in table 2 were performed on 

rntpl original sample weighed out sepa- 
rately and hydrolyzed. & 

To facilitate discussion of the results, table 3 was prepared. 

average of the amino acid content of each 

pro uct, both raw and processed, reported in table 2. 

DISCUSSION 

Essential amino acid composition of fish 
and meat products 

will values reported and discussed in this paper 

nf am" of per cent of crude protein; that is, in grams 

of amino acid per 16 gm total N. 

1 ^^®P®otion of table 3 at once reveals a striking similarity, 
already noted by Block and Bolling (’45), in the amino acid 
various products analyzed. In general, 
y e, methiomne and tryptophan are the three essential 
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Average of all values in table 2 except those marked and indicated 
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anihio acids most important in evaluating the nutritive quality 
of a protein. A deficiency of these amino acids is frequently 
encountered in natural food materials. All the products 
tested in this survey are apparently very good sources of 
lysine and good sources of tryptophan and methionine and 
the other essential amino acids. These products must be 
considered to contain protein of the finest nutritive quality. 

In marked contrast to the very small variation found for 
each specific amino acid in different products, we record one 
exception, i.e., histidine. Commenting upon a similar observa- 
tion, Lyman states in a recent publication (Lyman and KuUcen, 
’19) “. . . variation in the histidine content of muscle tissue 
is due to the presence of substantial amounts of derivatives 
of histidine which are not part of the true protein of the 
tissue. These histidine derivatives are carnosine, a peptide 
of beta-alanine and histidine, and anserine, a peptide of beta- 
alanine and methyl histidine. A study of the relationship of 
these compounds to the histidine content of meat has been 
reported by Lyman, Kuiken and Hale (’47). As much as 
one-third of the total histidine content of beef loin or other 
beef muscle tissue may be in the form of carnosine.” 

The existing literature contains relatively little information 
on the amino acid content of the edible portions of various 
fish, and even where data are available comparisons are often 
difBcult because the fish analyzed have been inadequately 
identified. In the following discussion the methods used for 
determining the amino acids in question are indicated in 
parentheses. Further details regarding the indicated methods 
niay be found in Block and Bolling (’45). 

Pottinger and Baldwin ( ’39) have investigated the arginine, 
histidine, lysine (Block) and tryptophan (Folin and Ciocal- 
teau) content of a series of fishery products. Although only 
4 amino acids were determined, the materials analyzed were 
identified by their scientific names and therefore we believe 
that our results can be compared with confidence to'those of 
Pottinger and Baldwin. 
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Atlantic mackerel assayed by these workers was found to 
con ain . % aiginine, 1.9% histidine, and 7.1% lysine. Our 
analysis of this species (table 3) shows 5.8% arginine, 3.8% 
histidine and 8.1% lysine. Pottinger and Baldivin mention that 
since their methods depend on the isolation of the amino acids 
as a salt, their results must be regarded as minimum. The 

content was found by them to be 1.4% as compared 
to 0.98% in our analysis. 

same authors found that mature Atlantic herring con- 
tained 5.1% arginine, 1.6% histidine, 7.0% lysine and 1.2% 
tryptophan, as contrasted to 5.5, 2.4, 7.8 and 0.77%, respec- 
tively, for our samples. 

pilchardii) contained 5.6% arginine, 
P ^ 6.8% lysine and 1.3% tryptophan, while our 

aci c sardines {Sardinia caeridea), probably a very closely 
re ated species, contained 5.1% arginine, 4.7% histidine, 8.5% 
lysine and 0.98% tryptophan. 

fu haddock analyzed by Pottinger and Baldwin and 

e Atlantic fish flakes assayed by the present authors con- 
tained respectively, 5.6, 5.7 and 6.1% arginine; 1.7, 1.2 and 

n lysine; and 1.06, 0.85 and 

0.99% tryptophan. / ^ 


noteworthy that the products assayed by chemical 
ods as contrasted with the newer microbiological assays 
V ere consistently very similar for arginine content, somewhat 
lower for lysine, higher for tryptophan and much lower for 
histidine. Puller et al. (’47) believe that the carnosine and 
ence the histidine content of muscle tissue may vary with 
the amount of dietary histidine. 

Cod, analyzed by Beach et al. (’43), and the Atlantic fish 
flakes of this survey contained, respectively, 6.3% (Block) and 
6.1% arginine; 2.0% (Block) and 2.1% histidine; 8.4% (Block) 
lysine; 3.7% (Sullivan) and 3.0% methionine ; 4.3% 
(Block) and 3.9% phenylalanine and 1.3% (Lugg) and 0.99% 
tryptophan. Again the microbiological method gave a lower 
lyptophan content. The other analyses are in fairly good 
agreement. 
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Edwards et al. ( ’46) determined the essential amino acids 
in fresh haddock. They found 9.2% arginine (Weber-Bart- 
lett), compared to 6.1% arginine for our Atlantic fish flakes. 
The values for phenylalanine (Block) and tryptophan (Lugg, 
Brand and Kassell) were very close to those found by the 
present authors using microbiological methods. 

Shrimp has been rather thoroughly assayed for amino acid 
content. Beach et al. ( ’43) obtained remarkably similar fig- 
ures to those in table 3 for histidine (Block), lysine (Block), 
methionine (Sullivan), phenylalanine (Block) and tryptophan 
(Lugg). They found an arginine content of 6.6% (Block), 
compared to 9.4% in our samples. The shrimp sample ana- 
lyzed by Pottinger and Baldwin (’39) contained 7.5% arginine 
(Block) and was considerably higher in this amino acid than 
the true fish products assayed. Possibly the phospho arginine 
(Baldwin, ’47) of invertebrate muscle may account for the 
higher arginine values found in these instances. 

Employing chemical methods to examine salmon for 5 of 
the essential amino acids. Beach et al. ( ’43) obtained results 
in fair agreement with those reported for salmon in table 3. 
Deas and Tarr ( ’49 ) have investigated the amino acid content 
of various fishery by-products using the microbiological assay. 

In contrast to the scarcity of data for the amino acid compo- 
sition of fish, the literature affords relatively ample data for 
various types of meat samples. Table 4 was drawn up to 
compare our values for pork and meat with those in the 
literature. This table again illustrates the similarity of the 
essential amino acid composition of animal proteins. Differ- 
ences between our averages and those in the literature are 
probably caused primarily by inherent fluctuations in the 
assay method, plus the effect of abnormally high or low figures 
on the literature average. 

Reliability of the microbiological assay 
In reviewing the literature of amino acid analysis the 
authors were impressed by the oft-repeated statement that 
the chemical determination of only a few of the essential 
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amino acids in a relatively small number of products could 
develop into a formidable task. The microbiological assay 
eliminates much, of the tedious work required by chemical 
methods, and renders more extensive surveys feasible. How- 
ever, the neAvness of the microbiological methods makes more 
data on their reliability highly desirable, and the present 
study provides some information on this question. 


TABLE 4 

Comparis07i of the present data with values in the literature for the essential amino 
acid composition of porh and l)eef 


(Values given as per cent of protein, N X 6.25) 


AillNO ACID 


POKE AIUSCIjE! 



beef ainscixE 


Present ^ 
project 


Literature 

3 

Present ^ 
project 


Literature - 

- 

Ave. 

Kange 

No. of 
analyses 

Ave. 

Eange 

ill 

Argiaine 

6.3 

6.5 

6.4-6.6 

2 

6.1 

7.0 

5.7-10.1 

9 

Histidine 

3.3 

3.0 

2.2--3.8 

2 

3.6 

2.5 

0.6^ 4.4 

y 

Isoleucine 

4.8 

5.5 

5.1-5.9 

2 

5.0 

0.0 

5.2- 5.9 

4 

Leucine 

7.8 

8.0 

7.2-8.6 

2 

7.8 

7.9 

7.5- 8.6 

4 

Lysine 

8.5 

8.7 

8.7-8.7 

2 

8.7 

8.2 

7.3-10.0 

9 

Methionine 

2.5 

2.9 

2.4-3.4 

3 

2.7 

3.3 

2.5— 4.1 

0 

Phenylalanine 

3.8 

4.0 

3.7-4.2 

3 

3.8 

4.2 

3.6- 4.9 

D 

Threonine 

4.3 

4.6 

4.5-4.8 

3 

4.5 

4.6 

3.5— 5.3 


Tryptophan 

0.9 

1.3 

1.2-1.4 

4 

1.0 

1,3 

0.9- 1.0 

11 

1 

Valine 

5.2 

5.4 

5.3-5.4 

2 

5.2 

5.2 

5.1- 5.3 

•X 


‘ This column was taken from table 3 and is, therefore, the average of all samp 


of each product. 

* Literature values are from the paper of Lyman and Kuiken ('49). 


The inter-laboratory agreement on results obtained from 
the 41 common samples assayed for 10 amino acids can 
seen in table 2. To express tbe degree of variation ainoHa 
these results all values for a given amino acid were average , 
and the standard deviation between the two laboratories ex 
pressed as a percentage of this mean. The coefficients o 
variation so calculated ranged from 5.2% fo^" histidine o 
17.5% for tryptophan, with an average for all amino aci s 
of 8.9%. It will be noted that different organisms were nse 
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in tlie two laboratories to determine arginine, histidine, iso- 
leucine, methionine, phenylalanine and threonine. 

Similarly, the variation among replicate determinations 
made with a given test organism in this laboratory was found 
to range from 3.5% for leucine assayed with L. delbrueckii 
to 12.0% for methionine assayed with L. fermenti, with an 
average for all amino acids and all test organisms of 8.0%. 

The results obtained in this laboratory when two organisms 
were used to determine the same amino acid in a series of 
samples were also compared. The variation between organ- 
isms was significantly greater than that between replicates 
obtained with the same organism in 4 out of the 10 cases for 
which data permitting such comparisons were available, 
namely, leucine, valine, and phenylalanine assayed with L. 
arabinosus and L. delbrueckii, and methionine assayed with 
L. mesenteroides and S. faecalis. However, the actual amino 
acid values obtained with different organisms showed a sta- 
tistically significant difference in only two cases. The average 
phenylalanine content of 30 samples was found to be 3.45% 
(of the protein present) with L. arabinosus and 3.95% with 
L. delbrueckii. Similarly, the average valine content of 32 
samples was 5.29% with L. arabinosus and 4.71% ndth L. 
delbrueckii. 

It is felt that these comparisons provide strong evidence 
of the rehabihty of roicrobiological methods in determining 
the 10 amino acids studied. 

The effect of heat processing 

The data for raw and heat-processed samples in table 2 
show no significant effect of heat processing on the essential 
amino acid composition of the samples analyzed. 

SUMMABY 

An inter-laboratory amino acid assay project has been de- 
scribed. A total of 61 raw and processed samples of fish and 
meat were assayed, of which 41 were analyzed at both the 
University of California at Los Angeles and the University of 
Wisconsin. 
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The essential amino acid composition of the various species 
?? investigated was found to be in fair agreement with 
+ j 7 ®nrher workers, although some differences are 
noted and discussed. Excellent agreement was found with 
respec o ^ e 41 saraples which were assayed in both labora- 
ones. IS comparison gives evidence of tlie reliability of 
e mcro lological assay technique for amino acid analysis, 
ea processing as employed in canning did not change ma- 
ena y e essential amino acid composition of the various 
nsh and meat samples assayed. 
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Tryptophan is essential for the maintenance of nitrogen 
balance in man (Holt and others, ’41; Rose, ’47), hence must 
be present to make any protein or mixture of amino acids nn- 
tritionally complete. Since it is destroyed by the conditions 
usually employed in the acid hydrolysis of proteins, it must 
be added to acid hydrolysates designed for emergency use as 
protein substitutes. At present, the natural l form of tryp- 
tophan can be obtained commercially in limited quantities, 
but its cost is prohibitive in comparison with that of the syn- 
thetic DL modification. These circumstances obviously make 
it desirable to know how well the needs of the human subject 
for the L form can be met by supplying the dl mixture. It 
is with the comparative availabilities to man of the d and l 
isomers of tryptophan that this communication is chiefly 
concerned. 

'The experimental data in this paper are taken from a dissertation submitted 
by Heber R. Baldwin in partial fulfillment of the requirements for the degree 
of Doctor of Philosophy in Biochemistry in the Graduate College of the State 
University of Iowa in February, 1949. These studies were made possible by 
a generous grant-in-aid from the Dow Chemical Company of mdland, Michigan, 
to whom we are also indebted for the supply of DLrtryptophan used. 
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Since tins work was begnn, about 30 months ago, Albaiiese, 

avis and Lem (’48) have reported that D-tryptophau is 
unable to support nitrogen balance when it is fed to iionaal 
male infants as a component of DL-tryptophan, but that it be- 
comes as effective as n-tryptophan when the racemic mixture 
is acetylated. This is quite the reverse of the situation which 
exists in the rat. In this species, D-tryptophan is utilized for 
growth almost as well as L-tryptophan ; acetylation does not 
impair the availability of the l isomer but completely prevents 
t e use of the d form for this purpose (du Vigneaud and 
others, ’32; Berg, ’34). 

In support of their assertion that acetylation makes d- 
ti yptophan available to the human infant for tissue synthesis, 

Ibanese, Davis and Lein (’48) cite other data which seem 
too remotely related to be significant, involving as they do: 
(a) the excretion in the urine of an “aberrant” metabolite 
following the administration of 0.01 mol (about 2 gm) of dl- 
tryptophan to the normal human adult after an overnight fast 
(Albanese and Frankston, ’44) and (b) failure to find the 
same unknown metabolite when acetyl-DL-tryptophan is fed, 
01 to account for as much of the original 0.01 mol of acetyl- 
ated derivative as when acetyl-n-tryptophan is given (Al- 
banese, Frankston and Irby, ’45 ; Albanese, Davis and Lein, 
48). To infer that inability to account for a product fed 
indicates that it has therefore been converted into an avail- 
able metabolite is quite univarranted. In the instance cited, 
ruptuie of the indole ring’ would alone have sufficed to con- 
vert the aeetyl-D-ti’yptophan into an available product; one 
Avliich, moreover, might not be detectable by the method of 
assay employed. It is also important to note that mechanisms 
called into play to dispose of a relatively large excess of an 
amino acid supplied sing-ly may differ markedly from those 
involved in the utilization of the relatively small quantity that 
need be supplied in the diet for maintenance and growth. 
This is certainly true of both free and acetylated n- and n- 
ti yptophan in the rat, strongly probable in the rabbit and the 
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dog, and therefore a possibility that cannot safely be ignored 
in man. 

The studies summarized in the present paper involve the 
responses of normal male adult subjects, as measured by 
nitrogen balance, to diets containing acid-hydrolyzed casein, 
with or without supplements of free or acetylated tryptophan, 
as the source of protein nitrogen. To make direct isomeric 
comparisons possible, free and acetylated d- and L-tryptophan 

TABLE 1 


Physical properties and nitrogen content of the free and acetylated isomers 

of tryptophan 


COMPOUND 

m.p. 

(uncorr.)^ 

[a] 

20 = 

D 

TOTAI* NITROGEN ® 

Found 

Recorded 
(Berg. *33) 

Found 

Theory 


*C7. 

degrees 

degrees 

Vo 

Vo 

L-Tryptophan 

278-280 

— 32.0 

— 32.1 

13.69 

13.72 

D-Tryptophan 

278-280 

+ 31.6 

+ 32.45 

13.66 

13.72 

DL-Tryptophan 

279-282 

0.0 


13.65 

13.72 

Acetyl-B-tryptophau 

187 

-f 26.0 

+ 26.1 

11.30 

11.38 

Acetyl-D-tryptophau 

186 

— 25.2 

— 26.2 

11.28 

11.38 


^ The samples were heated in open capillary tubes. The temperature of the oil 
bath was raised S^C. per minute, 

^The aqueous solutions of tryptophan contained 0.5 gm per 100 ml of solution; 
the methanol solutions of acetyl- tryptophan, 1 gm per 100 ml of solution. 
“Determined by the macro-Kjeldahl method. 


were prepared by resolution for use along with the free dl mix- 
ture. So far as we are aware, data involving direct compar- 
isons have not previously been published. A resume of stud- 
ies including similar tests has, however, very recently been 
presented by Rose (’49). With his findings our data are in 
essential agreement. 

EXPERIMENTAL 

Bata pertaining to the free and acetylated l- and n-tryp- 
tophan used in these tests are presented in table 1. These 
compounds were prepared from synthetic nn-tryptophan es- 
sentially as directed by Berg (’33). 
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Tests with diets containing items low in nitrogen and 
try ptophan as sources of the non-protein requisites 

Serious efforts were made initially to devise a tryptophan- 
deficient diet in wliicli an acid hydrolysate of casein- con- 
stituted the chief source of nitrogen, but the additional caloric 
requirements and the mineral and vitamin needs were to be 
met chiefly by commonly used dietary items, such as fruits, 
vegetables, fats, sugars and starches, with as little nitrogen 
or tryptophan as possible.^ This approach had been used 
by Holt and his associates (^41) and was adopted in the hope 
that a palatable, somewhat varied, but fairly natural tryp- 
tophan-low diet could thus be provided. In the initial tests, 
removal of the daily supplement of ti’jTptophan (250 mg) 
which had been fed duifing’ the 12 days allowed for adjustment 
to the new diet failed to produce a definitely negative nitrogen 
balance even after 12 days or more had elapsed. Therefore, 
to afford a more certain basis for selection, representa- 
tive samples of the various items of the diet were homogen- 
ized, hydrolyzed with, barium hydroxide and assayed for 
tryptophan by the microbiological method of G-reene and 
Black (^44), in which lactic acid production by Lactohacillus 
arahinosus 17—5 is measured. The information thus acquired 
made it possible to detect and eliminate several unsuspected 
dietary items with a relatively high content of tryptophan. 
Assay of aliquots of the mixed diets indicated that they pi®" 
vided 135 mg of tryptophan per day. More rigid selection 
allowed a reduction in the tryptophan content to 115 mg p^^ 
day, but the revised diet again failed to produce a distinctly 
negative balance when the initial supplements of tryptophan 
Avere removed. Since still further elimination of tryptophan 

"•We are grateful for the assistance of Dr. Charles P. Kade, Jr., 

Sterling- Win thr op Research Institute, Rensselaer, New York, and of Dr. ^ 

T. Correll and Dr. Curtis E. Meyer and the Upjohn Company, Kalamazoo, 
Michigan, who supplied us with sizable lots of acid-hydrolyzed casein. 

*The advice of Dr. Nate Daum and Miss Evelyn Brandt of the 
Department of the University Hospitals and their cooperation in making 
facilities of the diet kitchen available to us in this phase of the study ar 
gratefully acknowledged. 
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ivas impractical, this type of diet was abandoned in favor of 
one that was highly sjnithetic. 

Although the preliminary studies outlined above failed to 
meet our needs, they did serve to emphasize that the minimum 
daily requirement of tryptophan is certainly low and that 
no appreciable deficiency is likely to be produced by the or- 
dinary type of diet if enough is ingested to meet caloric needs. 

Tests with synthetic diets 

The dietary regimen finally adopted was patterned after 
the type so successfully and extensively employed by Rose 
(’47). Table 2 provides information as to basic composition. 
In maldng the wafers, the dry ingredients were thoroughly 
mixed and the butter and commercial hydrogenated cotton- 
seed oil * melted and stirred in. Approximately 4 1 of water 
were then added, the batch wms transferred to a Hobart mixer 
and stirred thoroughly for several minutes, and the batter 
was spread in small pools on cookie sheets and baked at 
375°F. for 20 to 25 minutes.® The baked product was golden 
brown, almost paper-thin, crisp and tasty. For convenience, 
it was packaged in lOO-gm lots and refrigerated until used. 
From the initial 7,670 gm of ingredients per batch, 6,500 to 
6,800 gm of wafers were obtained. The amount of Cellu flour 
which they provided was usually sufficient to prevent the ex- 
tremes of diarrhea and constipation. In a few instances, 5 to 
10 gm more were supplied daily in water suspension. 

Analyses of wafers from the various bakings showed 
that, per 100 gm, they contained approximately 52 mg of total 
N (by macro-Kjeldahl) and 1.5 mg of tryptophan (by the 
method of Greene and Black, ’44). Values calculated from the 
analyses of the various individual items agreed well -with those 
obtained by direct analyses of the mixtures. Components other 
than the acid-hydrolyzed casein and the supplements of free 

* Crisco. 

*We are greatly indebted to Dr. Sybil Woodruff and Miss McDivitt of the 
Home Economics Department for their counsel and the nse of their equipment 
and kitchen facilities for mixing and baking these w-afers. 
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or acetylated tryptophan furnished less than 0.45 gin of total 
nitrogen per day, and together Avith the daily allotment of 
tryptophan-deficient hydrolysate, less than 25 ing of trypto- 
phan. ' 

Different lots of acid-hydrolyzed casein varied somewhat 
in taste and to a minor degTee in nitrogen content, hence pos- 
sibly also in amino acid composition. Each subject was there- 
fore fed the same lot of hydrolysate throughout the experi- 
mental period. The daily allotment was weighed out, mixed 
with the tryptophan supplement when this was provided and 
chssolved in water. A third of tliis solution was consumed 
during each of the three meals. Enough wafers were eaten 
to raise the daily caloric intake to 42 Cal. or more per kilo- 
gram of body weight. In calculating caloric content, sucrose 
and starch were assumed to provide 4.0 Cal. each, per gram, 
butter 8.0, the casein hydrolysate 4.0, and the wafers 4.3. 
Prehminary tests showed that in the subjects tested on this 
regimen, supplements of 200 mg of L-tryptophan per day 
were sufficient to establish nitrogen equilibrium. 

Six normal male adults served as the experimental subjects 
in the final tests.® Of these, two were forced to discontinue 
the diet prematurely because of gastrointestinal distress 
characterized by nausea, anorexia, diarrhea and vomiting. 
The others had shown mild anorexia and nausea on the de- 
ficient diet, but not when tryptophan was provided. 

Urine samples were collected from 8 : 00 a.m. to 8 : 00 a.xi. 
on successive days. Each sample was analyzed for total nitro- 
gen by the macro-Kjeldahl method. Creatinine N was deter- 
mined routinely as a check on the collection of urines. Stools 
were collected daily and assayed for total nitrogen. To insure 
correspondence of fecal collections with the periods on the 
different diets, carmine was ingested as a marker each time 
the diet was changed. Average daily fecal nitrogen output 
per period was used in the calculations of nitrogen balance. 

'To those and tlie seveml other experimental subjects who cooperated splen- 
we express sincere appreciation. 
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Duling the period of adjustment to the synthetic regimen, 
the basal diet was supplemented with 200 mg of L-tryptopliaii 
pei day. From three to 14 days were required to attain nitro- 
gen equilibrium, and 5 days more were 'usually allowed. Pre- 
liminary trials had shoAvn that after this adjustment period 
1 espouses to the omission or addition of tryptophan occurred 
promptly, hence that a period of 4 to 6 days was long enough 
to indicate whether a supplement could or could not be uti- 
lized to prevent or correct a negative nitrogen balance. 



Figure 1 


The data obtained on body weight, nitrogen balance and 
caloric intake in 5 of the 6 experimental subjects are compiled 
and presented in figures 1-5. Data on the 6th subject are 
omitted since he was forced to discontinue the diet during the 
initial period of adjustment. 

DISCUSSION OF RESULTS 

Subject J F (fig. 1) maintained a fairly even caloric intake 
during his 32 days on experiment. Withdrawal of tryptophan 
produced a negative nitrogen balance. The accompanyu^o 
drop in caloric intake to 43 Cal. per kilogram reflected the 
anorexia and nausea experienced during this period. The 
lowered caloric intake would probably have sufficed to mam- 
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tail! nitrogen equilibrium bad the diet contained enough 
tryptophan. In this subject, 240 mg of acetyl-L-tryptophan 
(moleeularly equivalent to 200 mg of free tiTptophan) pro- 
moted a positive balance, but a similar amount of acetyl-o- 
tiyptophan was without effect. A daily intake of 200 mg of 
DL-tiyptophan failed to insure equilibrium. The response on 
400 mg of DL-ti'yqDtophan was similar to that on 200 mg of the 
L-form or 240 mg of the acetyl-L-derivative. In general, the 
changes in body weight seemed to parallel approximately the 
changes in nitrogen balance. 



With few exceptions, subject T M (fig. 2) maintained an 
intake of 50 Cal. per kilogram per day throughout his 36 
days on the study. As in the previous subject, 400 mg of dl- 
tryptophan were adequate for maintenance but 200 mg were 
not. The response to 200 mg of the d isomer was definitely 
negative, but to 400 mg it was only slightly inferior to that 
obtained on 200 mg of n-tryptophan. Changes in body weight 
were less marked in this subject, but again were roughly 
parallel to the changes in nitrogen balance. 

The results obtained on WH (fig. 3) were not very sati.s- 
factory. On the 17th day this subject complained of gastro- 
intestinal distress, nausea and anorexia. His stools were 
loose. The condition could not be cleared up, and the study 
was terminated on the 25th day by a siege of vomiting. This 
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subject’s negative nitrogen balance dui’ing tbe period on c- 
tryptopban was undoubtedly attiibutable in part to the low- 
ered caloric intake which began at the onset of his symptoms 
of distress. 

The data obtained on subject L G- (fig. 4) again indicate the 
inadequacy of a supplement of 200 mg of n-tiyptophaii per 

740 
KG 730 
720 

+10 
CU. 00 
-LO 

>30 
-AO 

3600 
3400 
3200 
CAUOOO 
2500 
2000 


Tao 
KG G9rO 
G5i) 

+20 
+to 
CU 0.0 
>10 
-20 
-10 

3600 
3400 
3200 
3000 
CAL 2000 
2600 
2400 
2200 
2000 



L-TRTPTOPHAK ACETyL-J.-TRT?IDWAK 

(200UG,/BAY3 COoffl^Y) C+OUCyOAY) 

Figure 4 






■WAILABILITY OF TBYPTOPHAN IX JIAX 


213 


day. During the period on this supplement the subject ex- 
perienced extreme lassitude, anorexia and nausea and could 
not be induced to maintain his previous caloric intake. Ke- 
placement of the n-tryptophan by an equimolar supplement 
of acetyl-L-tryptophan brought about a gradual return of ap- 
petite, an increased caloric intake and ultimately a restora- 
tion of nitrogen equilibrium. 

The results obtained with subject B S (fig. 5) indicate 
again that acetyl-L-tryptophan is an effective substitute for 



Figure 5 


L-tryptophan and that 200 mg of DL-tryptophan are border- 
line or suboptimum in their effects. As in subject JF (fig. 1), 
the administration of 240 mg of acetyl-o-tryptophan per day 
led to a pronounced loss of appetite, an increasing nausea, 
and a negative nitrogen balance. 

The subjective responses of the men to the various regimens 
were of interest, especially since none of them was informed 
of what to expect, either in advance of or during the change 
in type of diet or in level of supplementation. "With a sino'le 
exception (WH), none of the individuals was trained °in 
biochemistry or nutrition or had any knowledge of symptoms 
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that had been encountered by others in similar series of tests, 
it IS unlikely, therefore, that their reports of depressed ap- 
petite, nausea, increased nervous irritability, and so forth, 
weie attributable to suggestion. 

The difficulties encountered in attempting to maintahi con- 
stant and adequate caloric intakes, especially during a period 
0 letaiy deficiency, are quite in line Avith observations made 
Repeatedly on experimental animals. Similar symptoms Lave 
een reported by Rose (’47) in the human subject during 
periods of negative nitrogen balance. 

At best, casein hydrolysates are far from tasty. Suck un- 
owaid responses to their oral use as loss of appetite, nausea 
and decreased food intake have been noted (e.g., Co Tui, ’46). 

ui 15 subjects, after the first few days, became accustomed, 
ttougb perhaps never fully reconciled, to their strong taste. 

eveial attempts were made to mask the objectionable flavor 
but these were ultimately abandoned in favor of the pro- 
cedure of dissolving the hydrolysates in water, the subject 
drinking the solution and following this with a chaser of 
lemonade. 

Holt and associates (’41) report that it sometimes required 
several days after the removal of the tryptophan supplement 
or subjects on their diets to go into negative nitrogen balance, 
also as long as a week after its replacement to restore nitro- 
gen equilibrium. The rapid responses of our subjects to 
such changes can probably be attributed to a more rigorous 
exclusion of tryptophan from their basal diets and to their 
higher caloric intakes. 

The studies reported in this paper were not designed to 
etermine the amount of tryptophan needed to maintain 
mtrogen balance in the human adult, but the data recorded 
in figures 1 to 5, together with those from preliminary studies 
on 10 other subjects, indicate that nitrogen equilibrium can 
usually be maintained or restored on 225 mg of L-tryptophan 
pei day and, in some instances, apparently on even less. lo 
any event, the amount needed is certainly far less than the 
6.0 to 9.0 mg per kilogram per day (420 to 630 mg for a 70-kg 
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subject) set by Holt and others (’44). Our data favor the 
minimum estimates of 250 nig to 150 mg per day suggested 
bvEose (’47, ’49). 

As indicated earlier, the deductions of Albanese, Davis 
and Lein (’48) concerning the availability of the d isomers 
in the male infant ivere based on responses to the free and 
acetylated dl mixtures. In general, our tests seem to indicate 
that DL-tiyptophan is much less well utilized for maintenance 
than is L-tryptophan. The tests with n-tryptophan suggest 
that this component is certainly very poorly utilized, but leave 
some doubt that no use at all can be made of it, if the caloric 
intake is high and the amount ingested is sufficiently large. 
Our findings on acetyl-n-tryptophan do not agree with the 
conclusion of AJbanese, Davis and Lein (’48) that the n- 
eomponent of acetyl-OL-tiyptophan can be utilized to maintain 
nitrogen balance. Their allowance of acetyl-DL-tryptophan 
was 48 mg per kilogram per day (259 to 356 mg per subject 
per day). The presence of the utihzable l isomer renders 
it more difiieult to assess with certainty the effect of the n 
isomer alone. This would be particularly true if the amount 
fed appreciably exceeded the required minimum. At least in 
experimental animals, and presumably also in human sub- 
jects, borderline deficiencies are accompanied by variations 
in response which are wider and hence more difficult to evalu- 
ate than are the narrower differences noted when deficiencies 
are marked. 

Excretion of tryptophan 

The apparent urinary excretion of free L-tryptophan, as 
measured by the Greene and Black (’44) microbiological 
method of analysis, without autoclaving ■with barium hydrox- 
ide, averaged 5.0 to 9.1 mg per day on the various supplemented 
regimens. After autoclaving the urine for 16 hours at 15 lb. 
pressure with 5N barium hydroxide (and doubling the value 
obtained, to compensate for the fact that the test organism 
responds only to the L-component of the resulting racemic 
mixture), the average responses on the various regimens in- 
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dicated the following apparent outputs of free and combined 
tryptophan: on daily supplements of 200 mg of l-, dl- and 
D-tryptophan, respectively, 27.1, 38.5 and 72,6 mg per day; 
on daily supplements of 400 mg of dl- and D-tiyptophan, 65.6 
and 126.8 mg, respectively, per day; and on daily supple- 
ments of acetyl-L- and acetyl-D-tryptophan equivalent to 
200 mg of tryptophan, 24.7 and 69.8 mg per day. To judge 
from the low values obtained with test solutions of acetyl- 
tryptophan, the last two figures may represent only half to 
three-fourths of the total excretion. It is therefore also pos- 
sible that tryptophan bound in any other form difficult to hy- 
drolyze may not have responded completely to the test; on 
the other hand, it is also possible that certain related inter- 
mediates or catabolites, or substances produced by the auto- 
claving, may respond and hence be assayed as tiyptophan. 
Tests indicated that free D-tryptophan would beyond doubt 
have been completely racemized during the autocla^dng with 
the barium hydroxide, hence would have been measured. 

SUMMARY AND CONCLUSIONS 

Comparative tests have been made of the relative capacities 
of free and acetylated l- and D-tryptophan and of DL-trypto- 
phan to support nitrogen equilibrium in the adult human sub- 
ject when fed as supplements in a diet otherwise deficient in 
tryptophan. 

Trials were first made of tryptophan-low basal diets con- 
taining a tryptophan-deficient hydrolysate of casein as the 
chief source of nitrogen, and also containing' selected dietaiy 
items low in protein as the sources of additional calories an 
the non-protein requisites. This proved unsatisfactory because 
tryptophan is so widely distributed, even among dietai} 
items relatively low in nitrogen, as to make it difficult to 
avoid its incidental inclusion in large enough amounts in tins 
type of diet to prevent the production of a markedly negative 
nitrogen balance. Synthetic diets ^vere therefore found pref- 
erable. 
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Diets providing 0.1 gm of nitrogen per kilogram per day in 
the form of an acid-hydrolysate of casein and enough more 
relatively pure carbohydrates and fats to raise the daily 
caloric intake to at least 42 Cal. per kilogTam were subse- 
quently employed. Thej’’ contained approximately 25 mg of 
tryptophan and supported nitrogen equilibrium when supple- 
mented with 200 mg of tryptophan per day. Nitrogen equi- 
librium was maintained in 15 subjects for periods of 12 days 
or more with total intakes of n-tryptophan not exceeding 
225 mg each per day. 

After the preliminai'y period of 8 to 19 days allowed for 
adjustment to the supplemented synthetic diet, I’esponses to 
removal and replacement of the supplement were always 
fairly prompt, usually immediate, provided that a high cal- 
oric intake was maintained. 

Dir-tryptophan, in the amount of 400 mg per day, promoted 
responses equivalent to those noted on 200 mg of the l isomer, 
but the responses to 200 mg of DL-tryptophan per day were 
suboptimum. Daily supplementation with 200 mg of n-tryp- 
tophan failed to maintain nitrogen balance, but in one instance 
400 mg per day seemed to promote a borderline response. 
There is little doubt that in the human subject the capacity 
of D-tryptophan to provide for maintenance is definitely in- 
ferior to that of L-tryptophan, but whether the d isomer could 
support nitrogen balance adequately, if fed in sufficiently large 
amounts in diets caloricaUy adequate, is uncertain. 

Acetyl-L-tryptophan in daily supplements (240 mg) equiva- 
lent to 200 mg of L-tryptophan appeared to be about as well 
utilized as the latter, but the response to 240 mg of acetyl-u- 
tiyptophan was definitely negative. Acetylation does not en- 
hance the availability of u-tryptophan for maintenance in the 
human adult. 
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FOUR FIGURES 
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The problem of ascertaining minimum dietary vitamin re- 
quirements has been complicated in recent years by the dis- 
covery of the antivitamins on the one band and of the 
biosynthesis of vitamins by intestinal bacteria on the other. 
Vitamin requirements are also affected by disease. Hence, in 
considering requirements it is necessary to define the condi- 
tions under discussion. The present study was an attempt to 
throw fight on the minimum riboflavin requirement of the 
healthy infant on a diet differing little from that customarily 
given to infants in this country. 

GENERAL PROCEDURE 

The general plan adopted in this study was to feed infants 
a purified diet in which vitamins were supplied almost en- 
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tir^y in the foi’m of accurately measured supplements. On 
such a diet the riboflavin content could he accurately con- 
trolled and altered at will. It was not deemed justifiable to 
re uce the liboflavin intake to a point at which symptoms of 
eficiency appeared. Instead, the attempt was made to de- 
termine^ the minimum riboflavin intake which would maintain 
the individual in health as judged by laboratory measure- 
ments of the riboflavin in blood and urine. Three measure- 
ments of blood riboflavin were made : free riboflavin plus flavin 
mononucleotide of the serum (called hereafter free riboflavin, 
since only traces of mononucleotide are present), total ribo- 
flavin of the white blood cells, and total riboflavin of tke red 
blood cells. The total riboflavin of the serum, which includes 
the larger flavin adenine dinucleotide fraction, was also 
measured, but the values are not recorded since no consistent 
changes were observed throughout the experiment. This sug- 
gests that measurement of the total serum riboflavin would 
be of little help in detecting riboflavin deficiency. 

The 24-hour urinary output of riboflavin was measured in 
Older to ascertain the intake which would maintain but not 
exceed the minimum urinary excretion. The possible signifi- 
cance of this point of minimum excretion’’ demands a word 
of explanation. Some of us (Najjar and Holt), when studying 
thiamine requirements in adults and adolescents, had found 
in 1943 that as the intake of this factor was reduced the 
urinary excretion fell sharply, until a certain critical mini- 
mum value was attained beyond which further reductions in 
intake produced only negligible further decreases in urinary 
output. This critical ‘'point of minimum excretion” was 
found to occur at an intake two to three times greater than 
that which led to symptoms of deficiency. The point of “mini- 
mum urinary excretion” of thiamine has been determined to 
infants as well as older subjects, and has been used in esti- 
mating the thiamine requirement of the infant (Holt et al., 
’49). Further evidence indicating that this critical point 
corresponds closely with the minimum requirement for the 
maintenance of health was obtained from studies of tissue 
thiamine in rats at various levels of intake (Salcedo et ah? 
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’18). It M-as found that the hraiu is incapable of storing sur- 
plus thiamine when an excess of thiamine is fed. The thiamine 
content of the brain remains constant unless the quantity in 
the diet is reduced below the point of minimum urinary ex- 
cretion, whereupon it falls sharply. 

In the case of riboflavin data are not available correlating 
a point of critical urinary excretion to clinical manifestations 
of deficiency. Nevertheless it has been shown in older sub- 
jects (Najjar et ah, ’44) that a reduction in riboflavin intake 
reduced the urinaz'y riboflavin to a minimum level, and this 
was not accompanied by clinical evidences of deficiency. The 
growing rat on a riboflavin deficient diet excretes an exceed- 
ingly small amount of riboflavin until suflBcient riboflavin to 
permit maximum gro-wth is provided, at which point the ex- 
cretion is increased markedly (Burch et ah, ’48). It is recog- 
nized that methods for measuring urinary riboflavin are not 
entirely specific and that the very small “minimum” excre- 
tion on low riboflavin diets may consist in part — ^perhaps in 
large part — of non-riboflavin fluorescent substances. If this 
were the case, however, it would not vitiate the present argu- 
ment. TVe therefore undertook to determine the point of 
minimum riboflavin excretion in the urine of the infant as 
a guide to the minimum requirement, since this would fur- 
nish a readily measurable end point presumably not far above 
the intake level leading to symptoms of deficiency. 

METHODS 

Subjects 

Three male infants were used in this study. They were in 
good health except for mental deficiency. The mental state 
could be attributed in one to internal hydrocephalus, in the 
second to neonatal kernicterus; in the third it was without 
obvious explanation. The ages of these infants were 22, 14 
and 32 months and they weighed 5.9, 8.6 and 9 kg, respec- 
tively, at the start of the experiment. They were placed on 
metabolism frames permitting separate collection^ of urine 
and feces for 5 days out of every 7 throughout the period of 
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study. Physical examinations with special reference to signs 
of riboflavin deficiency were carried out daily. Ophthalmologic 
examination, which included inspection of both the media and 
the fundus, and slit lamp examinations were repeated monthly 
throughout the experiment and sometimes more frequently. 
The subjects were weighed daily and measurements of length 
and head and chest circumferences were repeated at monthly 
intervals. X-rays of the long bones were taken at 4-week in- 
tei'vals and other clinical laboratory data, such as complete 
blood counts, urinalyses and electrocardiagrams, were ob- 
tained at frequent intervals. 


Diet 

This consisted of vitamin-free casein,® commercial hydro- 
genated cottonseed oil,® and a vitamin-free dextrimaltose ® in 
proportions to yield the following percentage distribution of 
calories : protein 15%, fat 35%, carbohydrate 50%. Each child 
received 100 cal. per kilogram of body weight daily. Mineia s 
were supplied in the form of a mineral mixture.® Fat solub e 
vitamins were furnished by Oleum percomorphum,® 15 drops 
daily. The water soluble vitamins were administered as a 


® Labco. This casein contains 0.35 /ig of riboflavin per gram. 


® Crisco. Contributed hj Procter and Gamble, ^ 

^Specially prepared by Mead Johnson and Company through the courtesy 


Dr, Warren M. Cox, Jr. 

® The mineral mixture, supplied at the level of 5 gm per 750 cal. of 


consisted of: 

% 

NaCl 

18.9 

CaHPO* 

25.0 

MgS 04 (anhydrous) 

6.86 

KHCO. 

44.4 

Ka 

2.88 


^0 

2.21 

Fe citrate q 21 

CuSO* { anhydrous) q‘i 5 

MnSO^ f anhydrous! qq 25 

KI ' 0.03 

Na,F, 


® Contributed by Mead J ohnson and Company. , 

The vitamin mixture, calculated in the case of the P factors to 
same quantities as a quart of fresh cow^s milk, gave the following 


tities : 





fjta 


iso.o 

Ascorbic acid 

25.0 

Inositol 

.05 

Thiamine 

0.38 

Folic acid ^ 

0.5 

Nicotinic acid 

0.87 

Para-aminobeuzoic acid 

147.0 

Pantothenic acid 

3.5 

Choline 

Variea 

Pyridoxine 

0.67 

Riboflavin 
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supplement whicli was divided into 4 equal portions given at 
4 equally spaced intervals during the day. 

Laboratory measurments 

Eitioflavin in the urine was determined by the fluorometric 
method of Najjar (’41), using a Pfaltz and Bauer fluoroplio- 
tometer. Total daily urines were collected in amber bottles 
and preserved with acetic acid. Measurements of the ribo- 
flavin in the stools were carried out from time to time to eval- 
uate the factor of biosynthesis by the intestinal bacteria. The 
stools were preserved by adding 10 ml of glacial acetic acid 
to each 100 gm of stool. Extractions wei’e performed accord- 
ing to the method of Najjar et al. (’44). Measurements of 
riboflavin in the red cells, white cells and serum were carried 
out by a microfluorometric procedure as previously described 
(Burch, Bessey and Lowry, ’48). The bloods samples were 
drawn from the heel or finger tip. 

Procedure 

It was felt, in all three of the cases, that time could be saved 
m approaching the “point of minimum urinary excretion” 
if riboflavin were completely omitted from the diet for a pe- 
riod instead of being gradually reduced. The complete omis- 
sion was followed by a reduction in urinary output to a 
minimum level ranging between 33 and 50 ag per day. After 
these urinary figures had become stable, riboflavin was added 
to the diet in a stepwise manner until “spilling” in the urine 
occurred in quantities substantially above these figures. The 
intake was then alternately reduced and raised in order to 
determine the quantity ingested which would just sustain 
urinary excretion above the minimum level. 

RESULTS 

The results are presented graphically in the accompanying 
charts (figs. 1, 2, 3 and 4) and tables. The protocols follow; 
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Case I, J. G. (fig. 1) 

This study was a preliminary one which was incomplete 
and not carried out to its logical conclusion. It gave only an 
approximation of the range in which the end point lay. Al- 
though a significant excretion of riboflavin in the urine did 
not occur until the intake was increased to 0.6 mg daily, it 
seems quite likely that this excretion might have taken place 
if the 0.5 mg intake had been sustained for a longer period 
of time, since there was some increase in urinary riboflavin on 
the last day of this period. 



Figure 1 

The data obtained thus indicated that the “point of mini 
mum excretion” occurred at an intake of somewhat less mn 
0.6 mg daily; they were not sufficient to determine a moie 
aecui’ate end point. 

At the time of this experiment, the methods for deteinmi 
ing riboflavin in blood were not in operation and no data on 
blood levels were obtained. 

Case II, N. K. (fig. 2) 

After a period of 50 days in which riboflavin was 
omitted and urinary excretion varied between 35 and o 
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it was introduced again in increasing amounts until Mglier 
urinaiy figures were obtained. A gradual titration of the 
point of minimum urinary excretion was then carried out by 
adjusting tbe riboflavin intake until the minimum urinary ex- 
cretion values were just exceeded. In this subject 0.40 mg of 
riboflavin daily gave tbe desired effect. 

Blood determinations were not made at tbe onset of this 
study, tbe first being made on tbe oOtb day of riboflavin witb- 
drawal. Because of tbe delay in subsequently building up tbe 
patient to tbe point of “spilling,” it is reasonable to conclude 
that tbe riboflavin-free period depleted tbe subject appreci- 
ably beyond tbe point of minimum excretion. It is note- 
worthy that at this time low values of free riboflavin in tbe 
serum and of total riboflavin in botb tbe red and white cells 
were obseiwed. 

It is perhaps not possible to state with confidence the nor- 
mal range for riboflavin in tbe elements of the blood. Burch, 
Bessey and Lowry (’48) reported for a dozen “well nour- 
ished” adults the following values: white cells, 252 pg% 
(range 227-293), red cells, 22 ag% (range 18-26), free ribo- 
flavin of the serum, 0.8 Mg% (range 0.3-1.3). Data from in- 
fants receiving a normal infant diet showed values in the 
same range. The infant data are used as tbe basis for tbe 
“normal range” of figures 2 and 3. During tbe period of de- 
pletion the free riboflavin of the serum of infant N. K. was 
less than 0.1 ug%, and remained so for two weeks in spite 
of an intake of 0.4 to 0.8 mg riboflavin per day and in spite 
of a little “spillage” of riboflavin in the urine. However, with 
an average intake of about 0.35 mg per day the serum values 
gradually rose to 0.5 mg% after two months of realimen- 
tation. Similarly, the white cell and red cell values rose 
slowly. The white cell values appeared normal after two 
months, and the red cells after three. Thus, regardless of the 
significance of the concept of minimum point of excretion, 
this^ infant was apparently restored and maintained in ribo- 
flavin equilibrium with 0.4 mg riboflavin per day. 
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Case III, J. N. (fig. 3) 

Riboflavin was withdrawn for 43 days and this resulted in 
nrinai'y excretions varying between 33 and 40 ng daily. As 
previously described, “spilling” was obtained by increasing 
the riboflavin dosage and then carefully increasing and de- 
creasing the amount ingested until the urinary output just 
exceeded the minimum figures. This point corresponded to 
an intake of 0.4 mg riboflavin daily in this subject also. 

Blood studies were begun in this subject on the 43rd day 
without riboflavin. The initial values at the end of this pe- 
riod of depletion were comparable to those for the previous 
infant. The serum values for free riboflavin were a trifle 
higher but remained in general below 0.5 iJg% until the white 
cells and red cells were restored to “noi’mal,” an interval of 
a month or two. 

Figure 4 gives a composite picture of the average urinary 
riboflavin values occurring at the different levels of intake 
for all three subjects. Although the slope of the curve based 
on riboflavin excretion plotted against intake continues to 
increase up to an intake of 0.8 mg daily, it is clear that the 
beginning of the increased slope occurs at an intake of approxi- 
mately 0.4 mg per day. We are inclined to interpret the higher 
excretion which begins at this level as evidence of a surplus 
of riboflavin beyond the requirements of the body. 

Riboflavin load tests. These tests were performed at in- 
tervals on one of the above patients (subject J. G., weight 10 
kg) using the procedure of Najjar and Holt (’41) — measur- 
ing the 4-hour excretion in the urine after the intravenous 
administration of 16 pg of riboflavin per kilogram. They il- 
lustrate a progressive retention of riboflavin after the “point 
of minimum excretion’ ’ is attained, and indicate that the load 
test has the advantage of revealing various degrees of de- 
ficiency beyond that point. Retentions in these studies varied 
from 99% to 68% of the 160 gg test dose. The greater reten- 
tion occurred after depletion and was accompanied by a two- 
hour control excretion of 2.7 pg and a total 4-hour test 
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excretion of 7.8 pg. The smaller retention followed adequate 
intake of riboflavin; at this time the control value was 6 Mg 
and the 4-hour figure was 63 ng. 

Because of the possible contribution of intestinal bacteria 
to the riboflavin balance, the riboflavin content of the stools 
was studied routinely in our first subject and some isolated 



measurements were made in the other two infants. These ob 
servations are recorded in table 1. The total daily riboflavin 
content of the stool was found to vary widely in propoition 
with the stool weight, but the riboflavin concentration 
gram of fresh stool remained singularly constant regardless 
of the reduction in intake to zero. It is thus obvious that 
biosynthesis of riboflavin occurs in the intestine of the infant, 
as in that of the adult. How much of this riboflavin is avail- 
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able for absorption cannot be ascertained from present data. 
To determine this point requires an effective method of in- 
hibiting the growth of the organisms which synthesize ribo- 
flavin. The total stool excretion, however, is only a 6th of 
the amount that the present data suggest is necessary for 
maintenance. 

The infants in these experiments made satisfactory gains 
in weight except toward the end of the study, when a flatten- 
ing out of the weight curve occurred in each instance. The 

TABLE 1 

Riboflavin content of the stool in relation to intake 


CO^’TE^”^ OF STOOD 


SUBJECT INTAKE 

baidy 

AMOUNT, 

AVEE. 

Aver. 
at each 
intake 
» level 

Concentration 

Average 

Aver, at 
each intake 
level 

mg/day 


f^g 

gg 

g-g 

J.G. 1.0 

45.7^ 


2" 



84.7 


4.5 



98.9 


2.3 



62.4 

75.3 

5,1 

3.5 

0.6 

40.3 


5.4 


0.5 

80 


4.2 


0.4 

86.5 


6.0 



76 


5.0 





4.0 



73.4 

78.6 

4.8 

5.0 

0.3 

66.3 


4.5 



68.9 

67.2 

4.7 

4.6 

0.0 

67.2 


5.0 



60.5 


5.0 



63.9 


4.2 



145,1 

84.2 

5.6 

5.0 

N.K. 0.0 

120 


6.9 



34.7 

77.3 

3.9 

5.4 

J.N. 0.0 

22.8 


2.5 


* Each of these figures represents the 

average of 5 

individual daily figures. 
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thought that this failure to gain weight might be due to some 
degree of riboflavin deficiency; even though our chemical cri- 
teria in the blood and urine were satisfied, naturally occurred 
to us. Other evidence, however, has led us to dismiss this view 
and to attribute the phenomenon to some unknown deficiency 
in our purified diet. In the first place, we have noticed that 
all infants placed on our purified diet will thrive for only 
about 6 months, regardless of the vitamin mixture supplied; 
failure to gain weight will occur even on high riboflavin in- 
takes, and in our subsequent experiments we now make a 
point of completing our observations early before this un- 
known deficiency manifests itself. Our observations on this 
unknown type of deficiency, which has been found to respond 
to brewers ’ yeast, are presented elsewhere. A second reason 
for exonerating riboflavin deficiency of responsibility for the 
development of stationary weight in the experiments reported 
here is the fact that in subsequent experiments carried out 
for another purpose we have been able to attain riboflavin 
equilibrium at the point of minimum excretion in a shorter 
period of time, and have been able to duplicate the urinary 
and blood findings here reported without encountering the 
arrest of weight. 


DISCUSSION 

The data reported above indicate that in infants weighing 
5.9 to 9 kg, fed as described, an intake of riboflavin of 0*'^ 
0.5 mg per day is compatible with freedom from symptoms 
of riboflavin deficiency, maintenance of urinary riboflavin 
excretion at the critical point (the ^^point of minimum ex 
cretion’’), and maintenance of presumed noi’mal levels o 
riboflavin in the blood serum, red cells, and white cells. They 
do not permit one to state what the absolute minimum 
quirement is, even under these defined conditions. 

The data suggest that the measurement of red cell n ^ 
flavin may be of service in assessing the riboflavin nutritioua 
status. These values during depletion were lowered to mss 
than half the probable normal value. The percentage change 
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was greatei' than for the white cells, which are also more dif- 
ficult to measure. The serum values for free riboflavin might 
be useful, except that in the deficient zone the absolute values 
are exceedingly low and therefore difficult to measure with 
any accuracy. 

We wish to emphasize the fact that we are not undertaking 
to reconunend specific dietary allowances of riboflavin for 
infants on the basis of the data at hand. As we pointed out 
at the start, a requirement established by laboratory methods 
applies only to limited and well-defined conditions. On dif- 
ferent diets and in various pathological states requirements 
may be quite different. Furthermore, any recommended al- 
lowance involves the further task of establishing a margin 
of safety, the proper size of which is an open question. 

SUMMARY 

An intake of 0.4 mg of riboflavin per day by the infant 
served to maintain adequate blood levels, to maintain the 
urinary excretion at the upper limit of the zone of minimum 
excretion, and was not associated wdth clinical evidences of 
deficiency. 

The limitations of these studies and the relation of the 
above figure to the minimum riboflavin requirements of the 
infant are discussed. 
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The present authors have undex’taken a series of studies on 
vitamin A utilization "with the particular purpose of elaborat- 
ing the manner in which certain factors may affect differently 
the biological utilization of various esters and the free form 
of vitamin A. 

Several investigators (Emmett and Bird, ’37 ; Gray, Hick- 
man and Brown, ’40; Sobel et ah, ’48) have reported compari- 
sons between the utilization of vitamin A esters and vitamin 
A alcohol under various experimental conditions. Their re- 
sults indicate that the amount of the vitamin absorbed through 
the intestinal wall, and thereby made available to serve its 
essential physiological function in the metabolic processes of 
the animal, is dependent on a number of factors in addition 
to the quantity of vitamin A fed. These factors may be con- 
sidered to fall into two groups, namely: (1) factors affecting 
the stability of the vitamin in vivo prior to absorption through* 
the intestinal wall; and (2) agents or conditions which influ- 
ence the intestinal absorption per se. 

With respect to the factors affecting the stability of the 
vitamin, the interrelationship of vitamins A and B has been 
emphasized by Hickman et al. (’44), Gridgeman (’44) and 
Lemley et al, (’47). Their investigations are pertinent to the 
present study, however, only insofar as vitamin E may influ- 
ence the utilization of vitamin A prior to its passage as the 
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free, unesterified form through the intestinal wall iato the 
lymphatics and blood stream. 

Studies on the mechanisms and mode of vitamin A absorp- 
tion have been reported by Gray, Morgareidge and Cawley 
(’40), Clausen (’43) and Popper and Volk (’44). These in- 
vestigations have shown that normally vitamin A esters are 
hydrolyzed prior to absorption but that, under certain physi- 
ological conditions which adversely alfect the supply of the 
pancreatic enzymes to the duodenal contents, these esters are 
not hydrolyzed and absorption suffers. 

It is therefore apparent that there exists a third group of 
factors, exerting favorable or adverse effects on the physio- 
logical mechanism of vitamin A ester hydrolysis, which would 
affect biological comparisons of dissimilar chemical forms of 
vitamin A. 

We have emphasized in the present study the investigation 
of factors affecting the hydrolysis of vitamin A esters, particu- 
larly in respect to their varying effects on the utilization o 
differing forms of vitamin A as determined by liver storage 
measurements. ^ - , 

Chicks were used as the experimental species in the rs 
part of our studies because of their relatively poor abih y o 
utilize fats. We believed that for this reason factors affec mn 
vitamin A ester hydrolysis could be more easily demonstia e 
with chicks than mth other available experimental anhna s. 

METHODS 

Preparation of vita/mm A concentrate 

Vitamin A alcohol, acetate and natural ester 
were prepared in the laboratory, using a male soupnn s 
liver oil as the source of vitamin A. 

The vitamin A alcohol concentrate was obtained 
fying the soupfin liver oil with alcoholic potassium by | 
extracting the unsaponifiable fraction with peroxide- ree 
ether, and removing the solvent under reduced pressure. ^ 
vitamin A acetate was prepared by acetylating a poi 
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the vitamin A alcohol. The natural ester concentrate was made 
by a process developed in our laboratories which does not in- 
volve the use of high vacuum distillation. 

As the experiments described in this paper were conducted 
over an extended period of time, fresh preparations of the re- 
spective concentrates were made at various intervals during 
the course of the investigation. Since standardized procedures 
were used for their preparation, the various concentrates wmre 
extremely miiform in regard to spectrophotometric and chemi- 
cal chai’acteristics (table 1). 


TABLE 1 

Fhysico-cliemical characteristics of vitamin A coiicentrates fed 


SO\n*FlK 

PHTSICO-CHEillCAI^ SHARK- 

CHARACTERISTICS LIVER 

OIL 

VITA3IIN A 
ALCOHOL 

VITAMIN A 

acetate 

VITAMIN A 
NATURAL 
ESTER 

Elt. 328 

66.0 

890-915 

740-753 

304— 33o 

Batio = ^ 

^ 328 mfi 

0.67 

0.64-0.65 

0.66-0.68 

0.66-0.69 

Irrelevant absorption (%) 

10.0 

6.0-8.0 

6.0-9.0 

8.0-11.0 


155.0 

2140-2200 

1600-1630 

725-800 

Vitamin A alcohol (%) 


99.0-100 

2.0-4.0 

3.0-6.0 

Vitamin A acetate (%) 
Vitamin A natural ester (%) 

100.0 

O.O-l.O 

96.0-98.0 

94.0-97.0 


The ultraviolet spectrophotometric measurements were 
made on a Beckman spectrophotometer, using absolute ethanol 
as a solvent. The proportion of irrelevant absorption present 
in the spectrophotometric curves in the region of the vitamin 
A absorption maximum was calculated according to the method 
devised by Morton and Stubbs (’46), using the fixation wave 
lengths specified for the solvent ethanol. The L ^ ^ 620 mij val- 
ues were measured on an Evelyn photoelectric colorimeter 
according .to the procedure of Danu and Evelyn (’38). Per- 
centages of the alcohol and ester forms of vitamin A in the 
respective concentrates were determined by the procedures 
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described by Eeed et al. (’44). The concentrates were stored 
under nitrogen and refrigeration. 

P) eparation of vitamin A dilutions for feeding 

Vegetable oils and other matex'ials used as diluents were 
high quality commercial and pharmaceutical products. The 
vegetable oils contained a minimum of peroxides and showed 
no evidences of rancidity. 

The dilutions of the vitamin A concentrates for feeding were 
calculated on the basis of spectrophotometiuc units of vitamin 
^ itm 328 m|j X 2,000). The dilutions were assayed before 
and after the test feeding period to detei'mine if any change in 
potency had taken place. 


Basal diet 

White Leghorn and New Hampshire chicks were used ac- 
coi ding to their availability for the experiments. The one-day 
old chicks were placed on a low vitamin A diet ( Almquist et al, 
43), with several modifications. The composition of the basal 
ration is shown in table 2. 

The incorporation of the indicated amount of vitamin A 
into the diet was sufficient to maintain the chicks at a level at 
which no visible symptoms of vitamin A deficiency were ap- 
parent, and no sig*nificant storage of the vitamin A occurred 
in the liver. 

The chicks "were housed in electrically heated batteiy 
brooders under uniform conditions of light, temperature, and 
so forth. The basal feed and 'svater were supplied ad libitum. 
At 50 to 56 days of age the chicks were divided into comparable 
gi oups according to sex and weight and placed on test. 

Vitamin A liver storage measurements 

The livers from each group of chicks were weighed indi 
vidually, pooled and homogenized in a Waring Bleiidor, an 
samples were taken for the determination of vitamin A. 
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modified procedure based on the method desci’ibed by Glover 
et al. (’47) was used for all liver assays. 

A 5- to 10-gm sample of liver tissue was thoroughly mixed 
wth approximately 4 times its weight of anhydrous sodium 
sulfate. The mixture was extracted with 4 portions, of 50 ml 
each, of redistilled petroleum ether (B.P. 40 to 60°C.). The 
extract was filtered into a 250-ml volumetric flask, the filter 
paper being washed with small portions of petroleum ether 


TABLE 2 

Composition of the basal ration 


BASAL MIXTUBE 


VITAMIN SUPPLEMENTS 




per lb. basal 


% 


Tnlxture 

Fisk meal (extracted 


Vitamin I) 


sardine meal) 

15.00 

(Delsterol) 

454 A.O.A.C. units 

Brewers’ yeast 

7.50 

Vitamin K (2-methyl 


Wheat bran 

10.00 

naphthoquinone) 

0.18 mg 

Oyster shell 

0.50 

Vitamin E (21.3% mixed 

Salt 

1.00 

tocopherols) 

11.0 mg 

Cottonseed oil 


Vitamin A (shark 


(Wesson) 

2.00 

liver oil) 

1,200 spec, units 

Ox bile salts 

0.20 



Bice flour (polished rice) 

63.54 



Choline chloride 

0.20 



Manganese sulfate (85%) 

0.06 




100.00 


to remove traces of vitamin A. Tlie volume was adjusted to 
250 ml and a suitable aliquot taken and evaporated to diyness 
by a stream of nitrogen. The residue was dissolved immedi- 
ately in 1 ml of chloroform and the vitamin A estimated by 
the Carr-Price reaction, using- an Evelyn colorimeter equipped 
with a 620 mq filter. The colorimeter was calibrated against 
the U.S.P. Vitamin A Eeference Standard for determining the 
vitamin A values reported. This calibration was found to be 
the same as when the instrument was calibrated using the 
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soupfin shark liver oil described above at an assumed potency 

ofE,\t328mpX 2,000. 

We found that the livers of the chicks contained insignificant 
amounts of the carotinoid pigments, and therefore no correc- 
tions for the presence of these compounds were necessary in 
computing the vitamin A content of the livers. 

The vitamin A values reported in this investigation are the 
result of duplicate determinations which agreed within the 
limits of ±3%. 

The liver samples were stored under refrigeration until as- 
sayed for vitamin A. Control analyses made of various 
samples indicated no significant destruction of vitamin A 
during the period of storage. 


Experiment 1 

This experiment was originally part of a series designed to 
observe the effects of certain anti-oxidants on the relative 
utilization of the alcohol, acetate and natural ester forms of 
vitamin A, In addition, the effect was studied of administering 
various quantities of an oxidized diluent oil together with the 
respective vitamin A preparations. A full discussion of these 
specific considerations is beyond the scope of the present pap^r 
and will be presented elsewhere. However, since the data de 
rived from this particular experiment provide an indication o 
the inhibiting’ action of relatively large amounts of diluent a 
on the utilization of vitamin A esters, the experiment is ni 
eluded in this report. 

White Leghorn chicks, 50 days of age, were assig'imd to ex 
perimental groups of 9 each. The dilutions of the respective 
vitamin A concentrates in cottonseed oil and oxidized • 

were administered on three successive days, 0.1 ml or 2.0 m o 
the respective supplement being fed each day orally by means 
of a calibrated tuberculin syringe. Each chick received a to a 
of 27,600 units of vitamin A for the three-day period. On 
4th day, or 72 hours after receiving the first supplement, 
chicks were killed and the livers removed. The livers o eac 
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group were combined and the vitamin A content determined 
on the composite sample. The vitamin A liver storage measure- 
ments are listed in table 3. 

The oxidized corn oil used as a diluent was prepared by 
aerating the oil for 24 hours at room temperature. Fresh di- 
lutions of the vitamin A preparations were made daily in 
order to prevent destruction of vitamin A by oxidation. 

Experiment 2 

New Hampshire chicks, 52 days of age, were divided into 
comparable groups of 10 chicks each. Dilutions of the alcohol, 

table 3 



Ex2)erimenf 1 

— Fitamin A liver storage bi; the chicJ:^ 


diluejjt 

COTTONSEED OID 

NO anti oxidants 

COTTONSEED OIL 
“SVITH ANTI-OXIDANTS * 

AERATED CORN OID 

NO ANTI-OXIDANTS 

AERATED COEN OEL 
NO ANTI-OXIDANTS 

Volume and 





potency of 
suppl. 
fed daily 

0.1 ml @92,000 
units/ml 

0.1 ml @ 92,000 
units/ml 

0.1 ml @ 92,000 
units/ml 

2.0 ml @ 4,600 
units/ml 

Total units 
fed in 3- 
day period 

27,600 

27,600 

27,600 

27,600 

Group no. 
J’ormof 
vitamin A 

12 3 

Alco- Acet- 
hoi ate Ester 

4 5 6 

Alco- Acet- 
hol ate Ester 

7 8 9 

Alco- Acet- 
hol ate Ester 

10 11 12 

Alco- Acet- 
hol ate Ester 

Average 
wt. of 
livers 

16.9 16.4 17.5 

15.8 15.1 18.6 

16.5 16.8 15.7 

16.2 18.3 14.6 

(gm) 





Units of 
vitamin A 
per liver 

6,352 9,422 8,680 

6,178 9,362 8,128 

6,600 7,963 7,018 

7,776 7,851 6,220 

Vitamin a 





stored 

(%) 

23.0 34.1 31.4 

22.4 33.9 29.4 

23.9 28.9 25.4 

28.2 28.4 22.0 


li'if receh-iug tUluent oils only as a supplement, showed no Uver storage of vita- 

* ^ordihydroguaiaretie acid 0.01% and citric acid 0.05%. 


Experiment 2 — Liver storage in chicks fed daily supplement of lOfiOO units vitamin A in various diluent oils ' 
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Vitainin A ^ 

stored (%) 13.2 4.G 15.0 8.0 0.3 10.2 7.2 4.9 

'Control groups, receiving diluent oils only as a supplement, showed no liver storage of vitamin A. 
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acetate and natural ester concentrates containing 5,000 vitamin 
A units per milliliter were made in cottonseed oil, corn oil, 
sardine oil, basking shark oil and mineral oil. The supple- 
ments contained 0.01% by weight of hydroquinone as an 
anti-oxidant. 

Each chick received orally 2.0 ml of a vitamin A supple- 
ment daily for three successive days, or a total of 30,000 imits 
of the vitamin. The chicks were sacrificed on the 4th day and 
the livers composited and assayed for vitamin A as described 
for the preceding experiment. The results are shown in table 4. 

Experiment 3 

White Leghorn cockerels, 56 days of age, were assigned to 
groups of 12 chicks each. Dilutions of the respective vitamin 
A forms containing the specified units of vitamin A per milli- 
liter were prepared in corn oil, castor oil, jojoba seed oil and 
ethyl laurate. The composition and chemical characteristics of 
jojoba seed oil are described by Jamieson ( ’43). The supple- 
ments contained 0.5% by weight of mixed tocopherols as an 
anti-oxidant. 

The chicks received their daily supplements of the vitamin 
A-containing preparations as described for the previous ex- 
periments. A total of 30,000 vitamin A units was administered 
to each chick for the three-day test period. 

The livers from each group of chicks were divided into 4 
subgroups containing three livers each and assayed for vita- 
min A. The results are listed in table 5. 

The data derived from this experiment were analyzed sta- 
tistically in order to determine the mathematical significance 
of the values obtained. 

DISCUSSION OP EESULTS 

The experimental results, which are discussed in detail in 
the following paragraphs, clearly demonstrate the existence 
of factors atfecting the hydrolysis of the ester form of vitamin 
A at high levels of intake under various test conditions. The 
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importance of these factors at lower levels of vitamin A intake 
was also demonstrated in preliminary and additional experi- 
ments performed in this laboratory. The earlier tests were de- 
signed primarily to determine the vitamin A dosage required 
for optimum liver storage of the vitamin. In feeding 2,500 
units daily, as compared to the 10,000 unit level fed in the ex- 
periments described in this paper, the differences in availa- 
bility of the various forms of vitamin A due to hydrolytic 
factors were of the same order. However, further investiga- 
tions are necessary to establish definitely the quantitative ef- 
fects of these factors at the vitamin A levels of intake 
recommended for normal nutrition. 

Experiment 1 

Although the significance of the results shown in table 3 
cannot be demonstrated by statistical treatment, the data are 
remarkably uniform and show the same relative utilization of 
the three forms of vitamin A in all the groups fed a 0.1 ml 
supplement. The data indicate that factors which might he 
expected to infiuence stability in vivo, i.e., anti-oxidants and 
pro-oxidants, actually had little or no effect. The slightly 
lesser utilization of the natural ester and acetate forms in the 
aerated corn oil as compared to the cottonseed oil dilutions 
seems to he due to normal characteristics of the corn oil (see 
also experiment 2) rather than to the presence of peroxides. 
This observation with respect to the relatively small impor- 
tance of factors affecting stability in vivo in vitamin A utiliza- 
tion under the conditions of these experiments is also con- 
fii'med by a number of other exploratoiy experiments per- 
formed in this laboratory. 

The second point of interest is the reversal of the relative 
utilization of the alcohol and natural ester forms as between 
the 0.1 ml and the 2.0 ml dilutions in corn oil. 

Experiment 2 

Foy and Morgareidge ( ’47), in their investigations concern- 
ing the Guggenheim and Koch (’44) method of bioassay for 
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vitamin A, have demons ti’ated that variations in vitamin A 
storage in the livers of rats can be produced by varying the 
diluent in which the vitamin A dosage is fed. Our experiments 
confirm that this observation is also true for chicks. 

A statistical analysis of the data in table 4 shows that the 
direct effects of the form of vitamin A, and of the vegetable 
oils versus the other carriers, exceeded the interaction between 
these two factors very significantly. 

It is to be noted that the utilization of each of the three 
vitamin forms is only slightly affected by the use of corn oil 
as a diluent instead of cottonseed oil. 


TABLE 6 

Experiment 2 — Analysis of variance of vitamin A liver storage 
data listed in table 4 


SOURCE OF VARIATIONS 

DEGREES OF 
FREEDOM 

MEAN SQUARE 

VARIANCE 

RATIO 

Form of vitamin A 

2 

8,380,305 

23.64 

Vegetable oils vs. others 

1 

39,983,335 

112.79 

Other comparisons among carriers 

3 

184,579 

0.52 

Form of vitamin A X carrier 

8 

354,501 

1.00 


On the other hand, the use of sardine body oil, basking shaik 
liver oil or mineral oil has a marked effect on the utilization 
of all three forms with respect to their utilization from cotton- 
seed oil diluent. The adverse effect of these carriers is more 
marked in the cases of the vitamin A acetate and vitamin A 
natural ester than it is in the case of the vitamin A alcohol, 
except for vitamin A acetate in sardine oil. 

Sardine body oil, basking shark oil and mineral oil veie 
chosen because we believed they might have an adverse etfoct 
on the hydrolysis of vitamin A esters. It is apparent that they 
do, although they also inhibit absorption per se. We belio^^ 
that the mechanism of interference with vitamin A estei 
hydrolysis is different in the case of sardine oil than in those 
of basking shark liver oil and mineral oil, being connected 
in the first case with the presence of glycerides of unsatiirate 



VlTAlMIir A UTILIZATION STUDIES 


245 


fatty acids and in tlie second Avitli the presence of laige quan- 
tities of hydrocarbons. 


Experiment 3 

The data in table 5 were analyzed statistically in two sepa- 
rate treatments. An analysis of variance was made of, the 
results for groups 1 through 3, 7 through 12, and 16 throughr 
18. A separate analysis of variance was made of the results 
for groups 1 through 6 and 10 through 15. These treatments 
are illustrated in table 7. 


TABLE 7 


Experiment 3 — Analyses of variance of vitamin A liver storage 
data shown in table 5 


SOURCE OF VARIATIO>"S 

DKQllEES OF 
FREEDOM 

mean square 

VARIANCE 

RATIO 

(1)- Groups 1, 2, 3, 

7, 8, 9, 10, 11, 

12, 16, 17 and 18 


Carrier (diluent) 

3 

35,976,381 

56.67 

Form of vitamin A 

2 

92,754,103 

146.10 

Sub-groups 

3 

3,557,119 

5.60 

Carrier X form of vitamin A 

6 

7,797,712 

12.28 

Pooled error 

33 

1,097,958 

1.00 

(2) Groups 1, 2, 3, 

4, 5, 6, 10, 11 

, 12, 13, 14 and 15 


Carrier (diluent) 

1 

57,693,445 

31.21 

Form of vitamin A 

2 

52,368,750 

28.33 

Volume of supplement 

1 

60,871,561 

32.93 

Carrier X volume 

1 

23,978,614 

12.97 

Form of vitamin A X volume 

2 

22,492,444 

12.17 

Fooled error 

40 

1,848,383 

1.00 


Comparisons may be made of the utilization in the various 
carriers of all forms of vitamin A taken together. Comparisons 
may also be made of the relative utilization of the three forms 
of vitamin A, taking all types of carrier together. Such com- 
parisons are, however, of minor practical value. Compaxison 
between various pairs of groups is the most valuable for the 
purpose of drawing inferences. 
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In the case of groups 1 through 3, 7 through 12, and 16 
thiough 18, it is possible to make 66 comparisons of two groups 
taken at a time. Forty-nine of these disclose statistically sig- 
nificant ditferences ; 17 do not. Of the 49, 20 comparisons are 
believed by us to be useful, namely: group 1 with 3, 7 and 16; 
2 with 3, 8, 11 and 17; 3 with 9, 12 and 18; 7 with 9 and 10; 8 
with 11 ; 9 with 12 ; 10 with 11 and 12 ; 11 mth 12; and 16 with 
17 and 18. Of the 17 comparisons which do not disclose a sta- 
tistically significant difference, we believe the following to be 
useful : 1 with 2 and 10, 7 with 8 and 16, 9 with 18, 10 with 16, 
11 with 17, 12 mth 18 and 17 with 18. 

A typical and valuable line of reasoning which can be applied 
to these comparisons follows : 

1. In the comparisons of group 1 with 3, 7 with 9, 10 with 12 
and 16 with 18, the utilization of vitamin A alcohol is com- 
pared to the utilization of vitamin A natural esters in the 
identical carrier. As vitamin A esters are hydrolyzed prior 
to absorption, the etfect of a particular carrier on absorption 
per se would be the same vnth respect to vitamin A alcohol as 
with respect to vitamin A esters. As the esters have been 
shown by other investigators to be more stable in vivo than 
vitamin A alcohol, their significantly lower utilization in each 
of the mentioned comparisons can be due only to factors having 
to do with hydrolysis. 

2. The comparison of group 1 with group 10 shows that 
jojoba seed oil does not have a significant depressive effect 
on the utilization of vitamin A alcohol as compared with com 
oil. As hydrolysis is not involved here, it is show that the 
difference between the combined effect of the stability and ab- 
sorption per se factors in jojoba oil versus that of the same 
factors in corn oil is not significant. 

3. In the comparisons of group 2 with group 11 and gioup 
3 with group 12, absorption per se factors would have the 
same effect as in the comparison of gTOups 1 and 10, whi e 
stability factors would have even less effect. Therefore, the 
very significant lowering in the utilization of acetate and natm 
ral ester forms in the jojoba oil versus the corn oil dilutions 
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shown to be clue to the presence of more anti-vitamin A hydrol- 
ysis factors (qualitatively or quantitatively) in the jojoba oil. 

Following similar lines of reasoning, it can be showm that 
the inferior utilization of all forms of vitamin A from ethyl 
laurate versus corn oil demonstrates: (a) greater inhibition 
of hydrolysis by the ethyl lanrate than by corn oil; and (b) the 
former’s adverse effect on stability in vivo or absorption per 
se or both. 

Castor oil under the conditions of these experiments is 
shown to be inferior to corn oil as a diluent in vitamin A 
feeding, due to factors affecting stability in vivo or absorption 
per se, or both, with the latter factor almost certainly the moi'e 
important. 

In ease of groups 1 through 6, and 10 through 15, it is pos- 
sible to make 66 comparisons of two groups taken at a time. 
Thirty-seven of these comparisons disclose statistically sig- 
nificant differences. Of these 37, the most important (eliminat- 
ing duplicate comparisons from the first group-set) are 
groups 4 with 6, 5 with 6, 12 with 15 and 14 with 15. Of the 29 
comparisons which do not disclose statistically significant 
differences, the following are also of special interest : gToup 1 
with 4, 2 with 5, 3 with 6, 4 with 5 and 13, 5 with 14, 10 with 13, 
and 13 with 14 and 15. 

It happens that every comparison duplicated in the two 
group-sets, if significantly different according to the first 
criterion (1,507 units), is also statistically significant accord- 
ing to the second criterion (1,943 units). 

A reduction in the volume of the jojoba seed oil from 2.0 ml 
to 0.1ml significantly increases the utilization of vitamin A 
acetate and vitamin A natural ester. As the same change in 
volume of jojoba seed oil has no significant effect on the utili- 
zation of vitamin A alcohol, it can be seen that the improved 
utilization of the ester forms in the 0.1 ml dilutions is due to 
the lesser amounts of hydrolysis-inhibiting factors carried in 
this quantity of diluent. 
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^ Although the differences betAveen the 2.0 ml and 0.1 ml coni 
oil dilutions with respect to utilisation of the various forms of 
the^ vitamins are not statistically significant, there is indi- 
cation that the reduction of corn oil volume similarly tends to 

1 educe the already small amount of hydrolysis-inhibiting fac- 
tors present. 

The comparisons of group 1 with group 4 and groups 10 
with 13 show that factors affecting' absorption per se and sta- 
ility aie of minor importance in both corn oil and jojoba oil, 
unless these factors operate in opposing directions with sub- 
stantially equal magnitude. 


SUMMARY 


1. Vitamin A liver storage tests were used as the criterion 
foi determining the relative utilization of the alcohol, acetate 
and natural ester forms of vitamin A by the chick under vari- 
ous experimental conditions. 


variations in the storage of vitamin A in the livers 
of chicks were found, depending.both on the form of vitamin 
A fed and on the character and quantity of diluent. The ex- 
perimental data were subjected to analyses of variance, and 
the statistical significance of a great part of the data was 
established. The importance was demonstrated of factors af- 
fecting the hydrolysis of Vitamin A esters in vitamin A utili- 
zation.^ The following carriers were shown to contain factors 
inhibiting vitamin A ester hydrolysis : jojoba seed oil, ethyl 
lauiate, basking’ shark liver oil and mineral oil. Sardine oil 
was shown to contain factors which interfere with the hydroly- 
sis of vitamin A natural esters, although not with the hydroly- 
sis of vitamin A acetate. Although statistical significance was 
not demonstrated, it appears likely that cottonseed oil aud 
coin oil also contain small amounts of factors which intei- 
f ei e wdth vitamin A ester hydrolysis. 

The existence of factors affecting vitamin A absorption pci 
se was also demonstrated. 
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In tie first paper of this series (Week and Sevigne, ’49) it 
was shown that factors affecting hydrolysis play a significant 
part in determining the utilization of vitamin A esters by 
chicks. It was also shown that in general the relative utilization 
of differing forms of vitamin A is radically influenced by the 
quantity and nature of the diluent in which the vitamin is fed. 

Although it was not to be expected that rats would demon- 
strate the effect of hydrolytic factors to the same degree as 
chicks, we chose to use rats for the experiments described here- 
in because of their wide employment in the biological ap- 
praisal of vitamin A. The importance of factors which might 
affect the relative utilization of different forms of the vitamin 
was obvious, particularly when considered in relation to the 
U.S.P. biological assay for vitamin A. 

EXPERIMENTAL 

Weanling rats were reared on the U.S.P. XTTT vitamin A 
assay basal diet with the addition of 1.5 units of vitamin A per 
10 gm of feed. The animals were housed in screen-bottom 
cages under uniform conditions of light, temperature, and so 
forth. When the rats reached 38 days of age the fat content of 
the diet was increased to 16% and the animals were maintained 
on this high fat ration — consisting of 20% casern, 52% corn- 
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starch, 8% brewers’ yeast, 4% salt mixture, 16% hydrogenated 
vegetable oil, and 60 units of vitamin D and 1.5 units of vitamin 
A per 10 gm of ration — until they were 52 days of age. At 
this time they were divided into comparable gToups of 10 each 
with respect to sex, weight and litter. 

The lats were given oral supplements by means of a cali- 
brated tuberculin syringe of either 0.1ml or 0.4 ml of the 
respective vitamin A supplement daily for three successive 
days. Each rat received a total of 9,000 units of vitamin A for 
the three-day period. The rats were killed on the 4th day, or 
72 hours after receiving the first supplement, and the livers 
were removed and stored under refrigeration until assayed for 
vitamin A. Control 'analyses indicated no loss of vitamiu A 
during’ the period of storage. 

The liver of each rat was assayed for vitamin A by a modi- 
fication of the procedure developed by Glover et al. (^47). 
Vitamin A values were determined by the Carr-Price reaction 
using’ an Evelyn colorimeter standardized with the U.S.P. 
Vitamin A Reference Oil, These procedures are fully de- 
scribed elsewhere (Week and Sevigme, ’49). 

The vitamin A alcohol, acetate and natural ester concen- 
tiates were prepared using’ a male soupfin shark liver oil as 
the soui'ce of vitamin A. The natural ester concentrate was 
made by a process which does not involve the use of high 
vacuum distillation. The spectropho tome trie and chemical 
characteristics of the concentrates used in this experiment fall 
within the limits for preparations previously described (Week 
and Sevigne, ’49). 

The dilutions of vitamin A in corn oil, jojoba seed oil and 
castor oil were made on the basis of vitamin A spectrophoto- 
metric units (E ltn,328 mp X 2,000) and contained 0.5% mixed 
tocopherols by weight. 

DISCUSSION OP RESULTS 

The analytical results are tabulated in table 1. These data 
were subjected to analyses of variance in order to determine 
the significance of the values shown. 
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Average vitamin A 23 2 36.1 29.2 30,2 30.4 29,9 29.5 28.9 19.7 32.4 39.2 34 

stoied (%) ‘ I - 

* A difference of 298 units is required for significance (5% level) between any two of test groups 1 to 9, inclusive. 

A difference of 379 units is required for significance (5% level) between any two of the following test groups: 1, 2, 3, 10, 11 and 12. 
Conti ol groups, receiving diluent oils only as a supplement, showed no liver storage of vitamin A. 
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In the case of gi’oups fed the 0.4 ml supplement, it is pos- 
sible to make 36 separate comparisons of two groups taken at 
a time. Seventeen of these comparisons disclose statistically 
significant differences, of which the following are considered 
to he of interest: groups 1 with 3 and 7 ; 2 with 3, 5 and 8; 3 
with 9 ; 6 with 9 ; 7 'with 9, and 8 with 9. Certain of the compari- 
sons which do not disclose significant differences are also of 
interest: groups 1 with 2 and 4; 3 with 6; 4 with 5, 6 and / ; 5 
with 6 and 8, and 7 with 8. 


TABLE 2 


ATialyses of variance of vitamin A liver storage data listed in table 1 


SOURCE. OP vaeiations 


VARIAXCB 

degrees op iibau square ratio 

FREEDOM 


(1) Groups 1 to 9, inclusive 


Carrier (diluent) 

2 

2,850,468 

Individuals 

9 

210,583 

Porm of vitamin A 

2 

2,186,234 

Carrier X form of vitamin A 

4 

638,253 

Pooled error 

72 

111,606 


(2) Groups 1, 2, 3, 10, 11 and 12 

Porm of vitamin A 2 1,498,921 

Yolume of supplement 1 864,018 

Pooled error 56 178,848 


8.38 

7.74 

1.00 


The comparison of group 1 mth group 3 shows that ac o 
affecting hydrolysis are of considerable importance m 
utilization of vitamin A by the rat. The significantly 
utilization of vitamin A esters versus vitamin A alcoho^ 
not be due to a difference of absorption per se, as the c aiac ^ 
and quantity of diluent are identical; it cannot be , 

difference of stability in vivo, as esters have been ^ e ^ 
strated to be at least equal to the free form of 
this respect; the difference must therefore be due to ^ 
of hydrolytic factors. . 

The significant difference in utilization observe 
paring group 1 with group 7 is due to the adverse effec 
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jojoba oil versus the corn oil on stability in vivo or absorption 
per se or both, in the rat. The degree to which the difference 
between group 3 and group 9 exceeds the difference between 
group 1 and gi'oup 7 demonstrates, furthermore, that the jojoba 
oil diluent has a significantly adverse effect, in comparison to 
com oil, on the hydrolysis of vitamin A esters by the rat. 

The equal utilization of the three forms of the vitamin from 
castor oil is interesting. 

The differences in the effects of diluent variations on vita- 
man A acetate as compared to the effects of these variations 
on vitamin A natural esters are of great practical importance. 
These are the forms most often compared in the U.S.P. bio- 
assay using the current U.S.P. Vitamin A Standard (vitamin 
A acetate) . Comparisons of groups 8 with 9 and groups 5 with 
6 are equally vahd with respect to demonstrating the relative 
biological values of the two concentrates. Obviously, each 
comparison provides information as to relative biological ef- 
ficiency, but information valid only for the specific conditions 
of the experiment in question. 

In the cases of groups 1, 2, 3, 10, 11 and 12, it is possible to 
make 15 comparisons of two groups at a time. Of these, 6 
disclose statistically significant differences, of which the fol- 
lowing are considered to be important : groups 2 with 3, 3 with 
12, 10 with 11, and 11 with 12. 

The improved utilization of the ester forms in the smaller 
quantity of com oil diluent is most interesting. The U.S.P. 
bioassay is conducted with a daily feeding of not more than 
0.1ml of diluent oil. The significant difference observed in 
vitamin A ester utilization in comparing group 3 with group 
12 is due to the effect of the volume of corn oil on hydrolysis in 
vivo, as the change in volume has negligible effect on absorp- 
tion per se or stability in vivo or both (compare group 1 with 
group 10). 

EEilAEKS 

The results of these investigations show that in addition to 
the stability factors described by Hickman et al. (’44), and 
others, as affecting the relative biological response of differing 
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Whi 1 Se pti *' ?7 significance. 

o7stbttZ 7 ^ conditions of normal 

tainimnlipfif^^^ ake of the vitamin, the data suggest cer- 
nlovprl ^ regarding the experimental methods now em- 

LsL TIP 7 J'®^°8’^cal assays. These methods of bio- 

anrl f^ w S’^o^th test and the Guggenheim 

twpp r • -T storage technique, make comparisons be- 

hhrar chemical forms of vitamin A under one ar- 

PPT+Q • ^ 7.5 c^PO^nniontal conditions. Our results shoiv that 

tlio 1 eations of these conditions, such as variations in 

na ure 01 quantity of the diluent used for the vitamin A 

f ii radically affect the relative biological efficacy of 

the different chemical^ forms of vitamin A. 

r 0 ®rn&le set of arbitrary test conditions can be shown to be 
ore va than another for the purpose of appraising the 
^ 77 ogical efficiency of differing' forms of vitamin A 
un ei ^ e multifold conditions of final use. This being true, a 
10 Ooica assay intended for quantitative determinations 
77 • simply to measure the mol quantities of 

^ active vitamin A present in test samples. If cur- 
^ 10 ogical assay methods were to be modified to meet this 
lequiiement, better agreement could be attained between 
P ysico c emieal and biological measurements of vitamin A, 

1 between laboratories on biological assays 

would be greatly improved. 

As the simplest means of adapting biological assays to this 
aesirable end, we suggest. that both test sample and the Eef- 
eieiice andaid be saponified, and that the biological test be 
conducted using the unsaponifiable extracts. By this method, 
the various esters of vitamin A are converted to a single 

^^tamin A alcohol; and variations in diet 
and diluent which may affect the stability, hydrolysis and ab- 

sorption of the vitamin act in parallel fashion on both sample 
and Standard. 
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SUMMARY 

1. Vitamin A liver storage measurements were used as the 
criterion for determining the relative utilization by the rat of 
the alcohol, acetate and natural ester forms of vitamin A under 
various experimental conditions. 

2. It was shown that the relative biological efficacy of the 
three forms of the vitamin, although administered at equiva- 
lent unit levels, was gTeatly affected by the nature and quantity 
of the diluent present in the vitamin A supplement. Experi- 
mental conditions were established under which the relative 
biological response produced by the natural ester form could 
be varied from 59 to 105% of that produced by comparable 
supplements of vitamin A alcohol. It was also demonstrated 
that variations in the biological utilization of vitamin A acetate 
under diverse experimental conditions are significantly differ- 
ent from those of vitamin A natural esters. 
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Available data indicate that requirements for a number of 
nutrients are markedly increased in tbe bypertbyroid animal 
(Drill, ’43). This is particularly true for some of the B vita- 
nains. An increased requmement for thiamine (Drill, ’38; Drill 
and Sherwood, ’38), pyridoxine and pantothenic acid (Drill 
and Overman, ’42), folic acid (Martin, ’47) and, more recently, 
vitamin Bja (Nichol et al., ’49; Emerson, ’49; Betheil and 
Lardy, ’49) has been demonstrated following the administra- 
tion of large doses of thyroactive substances. Eequirements 
are also increased for various unknown factors as well. These 
“minor vitamins” are apparently dispensable under normal 
conditions, or requirements for them are so small they may 
readily be met by amounts present in the diet or through the 
synthetic activity of the intestinal flora or the animal’s own 
tissues. During hyperthyroidism, however, requirements for 
these substances may be increased to the extent that deficien- 
cies occur, manifested by retarded growth or tissue pathology 
and preventable by the administration in appropriate amounts 

‘ This paper reports research undertaken in cooperation with the Quartermaster 
Food and Container Institute for the Armed Forces, and has been assigned num- 
ber 245 in the series of papers approved for publication. The views or conclusions 
contained in tliis report are those of the author. They are not to be construed as 
necessarily reflecting the views or indorsement of the Department of the Army. 

Communication No. 207 from the Department of Biochemistry and Nutrition, 
University of Southern California. ^ 
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of the missing nutrient (Ershotf, ’48a). Thus, yeast has been 
found to prolong significantly the average survival time of 
immature rats fed purified rations containing massive doses 
of thyroid (Ershotf and Hershberg, ’45). Similar effects have 
been noted with desiccated and defatted whole liver (Ershotf, 


’47a; Betheil et ah, ’47). The latter material was also found 
to counteract completely the retardation in growth (Ershoff, 
’47a, ’47b; Betheil et ah, ’47) and inliihition of ovarian de- 
velopment (Ershoff, ’47b) of young rats fed massive doses of 
thyroid. Some confusion exists, however, regarding the nature 
of the factor or factors in liver responsible for the above ef- 
fects. On rations containing soybean meal the retardation in 
growth caused by massive doses of desiccated thyroid or iodi- 
nated casein has been counteracted both in the rat and chick 
by crystalline vitamin Bio (Nichol et ah, ’49; Emerson, ’49). 
On rations containing casein as the protein and sucrose as the 
carbohydrate, however, the retardation in growth following 


administi’ation of massive doses of thyroactive substances ap- 
pears to be due, at least in part, to a deficiency of some othei 
factor (Ershotf, ’48b, ’49; Betheil and Lardy, ’49), which has 
been termed the “antithyrotoxic factor of liver.” It is piesen 
in considerable concentration in the water-insoluble 
of liver (Ershotf, ’47a, ’48b; Ershoff and McWilliams, ) 
and is distinct from any of the known nutrients, including vi a- 
min Bi2 (Ershoff, ’49). In view of the different deficiencies 
which are produced by thyroid feeding in animals fed the a o^e 
rations, the following experiments were undertaken m an 
fort to determine the factor or factors in soybean mea m 


sponsible for the diverse results. 

All experiments were performed with female rats o 
Long-Evans sti’ain, from 23 to 25 days of age, housed 
cages with raised screen bottoms to minimize access^ o 
feces. After being fed the respective experimental^ 
libitum for a period of 28 days the animals were sacrifice ai^^ 
the -weights of the thyroids, adrenals, ovaries, kidneys ‘ 
heart ventricles determined. 
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EXPERIMENTAL 

Experiment no. 1. On the antithy rotoxic properties 
of a full-fat soybean meal - 

Two basal rations were employed, in this experiment, diet 
A and diet B (table 1) . Diet A was a purified ration containing 
casein as the dietary protein. Diet B was similar in composi- 
tion but contained a full-fat soybean meal. Each of tbe above 
diets was supplemented with U.S.P. desiccated thyroid ^ or 
iodinated casein •* added in place of an equal amount of sucrose. 
Thyroid was incorporated in the basal rations at levels of 
0.25% and 0.5% ; iodinated casein at a level of 0.125%. Seventy- 


TABLE 1 

Coviposition of experimental diets 


DIETABY COM POKE N’T 

DIET A 

DIET B 


% 

% 

Casein ^ 

22.0 

5.0 

Soybean meal ^ 

0.0 

45.0 

Salt mixture * 

4.5 

4.5 

Sucrose 

73.5 

45.5 


Vitamin supplements: to each kilogram of the above diets Tvere added the fol- 
lowing synthetic vitamins : thiamine hydrochloride 72 mg, riboflavin 9 mg, pyri- 
doxine hydrochloride 15 mg, calcium pantothenate 67.2 mg, nicotinic acid 60 mg, 
2-methyl-naphthoqmnone 5 mg, and choline chloride 1.2 gm.* Each rat also received 
three times weekly the following supplement: cottonseed oil (Wesson) 500 mg, 
alpha-tocopherol acetate 1.5 mg, and a vitamin A-D concentrate ® containing 50 
U.S.P. units of vitamin A and 5 U.S.P. units of vitamin U. 

^Vitamin test casein, General Biochemicals, Inc., Chagrin Falls, Ohio. 

*Soya meal, El Molino Mills, Alhambra, California, a lightly roasted material 
containing 18 to 22% fat. 

* Salt mixture no. 1 (Sure, ’ll). 

In view of the increased requirements for thiamine, pyridoxine and pantothenic 
acid in the hyperthyroid rat (Drill and Overman, ’42), the B vitamins in the 
present experiment were administered in excessive amounts in order to assure an 
adequacy of these factors in the diet. 

*Nopco fish oil concentrate, assajflng 800,000 U.S.P. units of vitamin A and 
80,000 U.S.P. units of vitamin D per gram. 

*The term ‘‘fuU-fat soybean meal” as employed in the present communication 
refers to soybean meal with an average fat content of 18 to 22%. 

* Thyroid powder, U.S.P., Armour and Co., Chicago, 111. 

^Protamone, Cerophyl Laboratories, Kansas City, Missouri. 
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six female rats of the Long-Evans strain were selected for the 
present experiment. Their average weight was 46.2 gin. 

Data on growth are summarized in table 2. These data indi- 
cate that the retardation in groAvth caused by massive doses 
of desiccated thyroid or iodinated casein on diet A did not 
occur on diet B. On the latter ration no significant difference 
was observed between the gain in body weight of animals fed 
the control ration and that of those fed a similar diet supple- 

TABLE 2 

Effects of full-fat soy'bean meal on the gain in hody weighty of immature rats fed 
massive doses of desiccated thyroid and iodinated casein 


The values in parentheses indicate the number of animals which survived and on 

which averages are based 


THYROACTIVE 

SUPPLEMENT 

number or EATS 

INITIAL BODY WT. 

GAIN IN BODY WT. OVZK 
2a-DAY PEBIOD' 

Diet A 

Diet B 

Diet A 

Diet B 

Diet A 

Diet B 




gm 

gm 

gm 

gm 

None 

8 

8 

46.1 

46.0 

100.8 ± 3.3 

102.3 ± 4.1 






(8) 

(8) 

0.25% thyroid 

10 

10 

45.6 

46.0 

60.9 ± 6.5 

107.3 ± 5.1 






(9) 

(10) 

0.5% thyroid 

10 

10 

46.6 

46.1 

45.4 ± 6.0 

104.5 ± 3.3 






(8) 

(10) 

0.125% iodinated 






casein 

10 

10 

46.4 

47.0 

59.4 ± 4.4 

102.8 ± 5.4 






(9) 

(9) 


Including the standard error of the mean calculated as follows where 

d is the deviation from the mean and ^^n^’ is the number of observations. 


mented with desiccated thyroid or iodinated casein. Dat*! on 
organ weights are summarized in table 3. The findings indi- 
cate that adrenal, kidney and ventricular weights, when ex 
pressed in terms of organ weight per 100 gm body weight, were 
increased and thyroid weight was decreased on both diets A 
and B in animals fed desiccated thyroid or iodinated casein. 
The relative increase in adrenal, kidney and ventricular 
weights in animals fed thyroid or iodinated casein was greater 
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suddW f “‘“’f appearance in animals fed diet A 
npplemenfecl with desiccated thyroid or iodinated casein. On 

and fi o *‘*“'71“'’.’^ fed ttyeoid at a level of 0.25f„ 

rml nT 7 ^ animals fed iodinated casein had apparently nor- 

Z/nf ^ of 0.5%, only two 

TnnTr ovaries which appeared normal. No abnor- 

IT weig t 01 microscopic appearance were observed in 

similar rations with thyroid or iodinated 
in omi e . The protective effect of full-fat soybean meal 
vas a so eyi ent in respect to gross appearance. On diet A 
nima set lyroid or iodinated casein had an unthrifty ap- 
peal ance, with ruflded fur and occasionally alopecia; on diet 
^oweyei, animals fed thyroid or iodinated casein were in- 
i^ingyishable grossly from the normal controls. 

asa metabolic rates were determined on the 25th day of 
e expeiiment for animals fed the various soybean rations.® 
o a empt was made to obtain readings for animals fed diet 
supp emented^ Avith thyroid or iodinated casein in view of 
me high susceptibility of such animals to heart failure follow- 

finding’s from this laboratory indicate 
a la s maintained on synthetic rations supplemented with 
massive oses of thyroid readily succumb following unaccus- 
omed handling’. In preliminary tests, 7 out of 8 rats fed diet 
supplemented with 0.5% thyroid died in the respiration 
during’ the course of oxygen determinations; on the 
inc/^ animals fed similar rations supplemented with 

yeast survived similar handling 

(Ershoff, ’47a). 

Eigjht rats in each experimental group "were tested. The 

^ closed circuit type, vnth a capacity 
n*" Ki’yder and Winzler, ’49), Carbon dioxide was 

a SOI ed with sodium hydroxide, and oxygen consumption ivas 
e ei named from pressure changes recorded by means of a 

' We are indebted to Mr. George Kryder of the Department of Biochemistry and 
Nutrition, University of Southern California, for the determinations of basal 
metabolic rates. 
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water manometer. The respiration chambers were kept at 
27° C. and readings obtained were corrected to standard tem- 
perature and pressure. Food was removed fi’om. the animals’ 
cages the evening prior to the metabolism test. At least 6 
successive 5-minute intervals were recorded for each animal, 
with care being taken to measure oxygen consumption when 
animal activity was at a minimum. The two lowest readings 
were employed in calculating the basal rate. Kesults are sum- 
marized in table 4. They indicate that full-fat soybean meal 
did not counteract the rise in basal metabolic rate caused by 


TABLE i 

Bffecta of desiccated thyroid and iodinated casein on the hasal metahoUsm of 
immature rats fed diets containitig fidhfat soybean meal 


CfiOCY 

TSTEOACTTVE SCPPLE1^E^'T 

KUMUEB OP 

akimaes 

02 C03JSTIMPTIOX 
Mu/sn./ioo Git 

body 

A 

None 

8 

139.0 rt 2.4 

B 

None 

8 

133.7 ± 3.4 

B 

0.25% thyroid 

S 

227.4 ± 4.3 

B 

0.5% thyroid 

8 

246.2 ± 6.4 

B 

0.125% iodinated casein 

7" 

229.9 rt 8.2 


^ Including the standard error of the mean. See footnote 1, table 2, 

* 'This method of reporting these data is used, rather than “ 0.7 5 porver of the 
body weight’’ or some similar e:spression, inasmuch as there was substantially 
little diSerence in the body weights of the animals. 

* Originally 8 rats were present in this groups one animal died during the de- 
termination. 


desiccated tbyroid or iodinated casein. It is apparent, there- 
fore, that the protective effect of soybean meal as observed 
in the present experiments was an antithyrotoxie effect, and 
was not due to neutralization, destruction or impaired ab- 
sorption of the thyroid hormone. 

The presence of a goitrogenic agent in soybeans has been 
demonstrated by McCarrison (’33) and confirmed by Sharp- 
less (’38) and others (Sharpless et ah, ’39). Thyroid enlarge- 
ment was demonstrated by these wmrkers only on low^ iodine 
diets, since the goitrogenic effects of soybean were counter- 
acted by iodine (Sharpless et ah, ’39). In the present experi- 
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ment no goitrogenic effects sueh as increase in tliyroid weight 
or reduction in basal metabojic rate resulted from the feedicg 
of full-fat soybean meal, a finding presumably due to the high 
iodine content of the diet employed. 

Experiment no. 2. Comparative effects of raw and 
a^itoclaved fiill-fat soybean meal on the groivth 
of immature thyroid-fed rats 

The following experiment was undertaken to determine the 
effects of autoclaving on the growth-promoting properties of 

TABLE 5 

Comparative effects of rav) and autoclaved full- fat soyl)€an meal on the gams in 
1 ) 0 dy weight of immature rats fed massive doses of desiccated thyroid 

The values in parentheses indicate the number of animals Tvhich survived and on 

which averages are based 

■ gain in body wt. 

GEOUP NUilBEROS* INITIAIiBODY ArTEa28DAYS 

ANiaiAI/S WT. OP pECDlXa ^ 

T grn 

^ 6 44.6 

n 8 44.7 

III 8 44.5 

Including the standard error of the mean. See footnote 1, table 2. 

full-fat soybean meal for the immature thyroid-fed rat. Thr^ 
experimental groups were employed. Group I was fed diet B 
(table 1) ; group U received diet B plus 0.5% desiccate 
thyroid ® (with thyroid added in place of an equal amount o 
sucrose ) ; group III was fed a diet similar to that fed group 
but containing soybean meal which had been autoclaved foi 
minutes at a pressure of 15 pounds. Twenty-two female rats 
with an average weight of 44.6 gm were selected for the pieseu 
experiment. The results are summarized in table 5. No sig- 
nificant differences in gain in body weight were observed for 
® See footnote 3, page 261. 


fftn 

99.8 ± 7-1 
(6) 

96.8 ± 

(7) 

93.3 ± -i-i 

(7) 
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animals fed any of the diets employed. It is appai’ent, there- 
fore, that autoclaving under the conditions of the present ex- 
periment did not impair the growth-promoting* effect of full-fat 
soybean meal for the immature thyroid-fed rat. 

Experiment no. 3. Comparative effects of low-fat 
soybean flour and full-fat soybean meal on the 
growth of immature thyroid-fed rats 

This experiment was undertaken to determine the compara- 
tive effects of low fat soybean flour and full-fat soybean meal 
on the gains in body weight of immature rats fed massive 
doses of desiccated thyroid. Three soybean sources were em- 
ployed: (1) a full-fat soybean meal (2) an extracted soybean 
flour containing 4% fat;® and (3) an expeller-processed soy- 
bean flour containing 7 % fat.'* The rations fed were similar to 
diet B (table 1) but differed in the source of the soybean 
product employed. Diets were fed with and without desiccated 
thyroid,^® which was administered at a level of 0.5% in place 
of an equal amount of sucrose. Forty-eight female rats with 
an average weight of 46.0 gm were selected for this experiment. 
The results are summarized in table 6. 

The findings indicate that a direct correlation exists be- 
tween the fat content of the soybean component of the diet and 
its antithyrotosic effect. The gain in body weight of immature 
rats fed massive doses of desiccated thyroid was greatest on a 
diet containing full-fat sojybean meal (18 to 22% fat) and least 
on a ration containing extracted soybean flour (4% fat). Val- 
ues for the diet containing “expeller” soybean flour (7% fat) 
lay between these two. When thyroid was omitted from the 
above rations, no significant difference in growth was observed 
on any of the diets employed. It would appear, therefore, 
that the antithyrotoxic properties of full-fat soybean meal were 

'Soya meal, El Molino Mills, Alhambra, Calif. This material was similar to 
that employed in experiments 1 and 2 "but came from another lot. 

“Extracted soy flour (4% blended), A. E. Staley Mfg. Co., Decatur 111. 

* Soy Elour Lo-Eat, A. E. Staley ^tfg. Co., Decatur, 111. ^ 

” See footnote 3, page 261. 
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correlated with its fat content, and that soybean oil or some 
tactor in it was responsible for the antithyi'otosie effect. 

Experiment no.^ 4 . Comparative effects of vitamin B^, 
extracted liver residue and soybean oil on the 
gain in body weight of immaktre rats fed 
massive doses of desiccated thyroid 

Pi evions findings indicate that vitamin Bjo counteracts tbe 
giowth-ietarding effect of massive doses of thyroid when fed 


TABLE 6 

Compaiative effects of low fat soybean flour and full-fat soybean meal on yahiin 
hody weight of immature rats fed massive doses of desiccated thyroid 

The values in parentheses indicate the number of animals which survived and ou 


which averages are based 


SOYBEAN COMPONENT 

IN DIET 

THYROID 

number op 

INITIAL 

gain in body WT. 
after 28 DAYS 


ANIMALS 

BODY WT. 

OF FEEDING ^ 

Extracted soybean flour 

% 


gm 

gm 

0.5 

10 

45.9 

56.0 ± 4.6 

4% fat 


(8) 

70.4 ± 3.6 

'^Expeller^' soybean flour 

0.5 

10 

46.0 

7% fat 

Eull-fat soybean meal 

0.5 

10 

46.1 

(10) 

07.1 ± 4.8 

18-22% fat 

Extracted soybean flour 

0.0 

(8) 

88.0 ± 5.1 

6 

45.8 

fat 


(6) 

87.4 ± 3.6 

‘‘Expeller^^ soybean flour 

0.0 

6 

46.0 

7% fat 

Full-fat soybean meal 

0.0 

6 - 

(6) 

99.2 ± 3.7 

46.0 

18-22% fat 

1 • 


(6) 


Including the standard error of the mean. See footnote 1, table 2. 


in conjunction 'wntli a diet containing soybean meal (Emersoib 
49). Tbe present experiment was undertaken to determine 
tbe comparative effects of vitamin and extracted liver on 
tbe gain in body weight of immature rats fed massive doses of 
tbyioid in conjunction witb diets containing either casein or 
low-fat soybean flour as tbe principal source of protein. In 
view of the experiments reported above, in which full-fat soy- 
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bean meal exerted an antitliyrotoxic effect, animals on each of 
the above rations were also fed soybean oil (at a level corre- 
sponding to its content in diets containing full-fat soybean 
meal) in an effort to determine what effect this material might 
have on the gain in body weight of immature thyroid-fed rats. 

Two basal rations were employed, diet A and diet C. Diet 
A was a purified ration containing casein as the dietary pro- 
tein; diet C was similar in composition but contained a low fat 
soybean flour.^^ These diets were identical with diets A and 
B (table 1), except that a low fat soybean flour replaced the 
full-fat soybean meal of diet B. Five experimental groups 
were fed each of the basal rations. Group I was fed the basal 
ration alone; group II the basal ration plus 0.5% desiccated 
thyroid group III the basal ration plus 0.5% desiccated 
thyroid plus 30 pg vitamin Bi, per kilogram of diet group 
IV the basal ration plus 0.5% desiccated thyroid plus 10% ex- 
tracted liver residue and group V the basal ration plus 0.5% 
desiccated thyroid plus 10% cold pressed soybean oil. The 
dietary supplements and the desiccated thyroid were added 
in place of an equal amount of sucrose. 

Eighty female rats with an average weight of 44.8 gm were 
selected for this experiment. The effects of the various diets 
on body and ovarian weights are summarized in table 7. 

The findings indicate that animals fed diet A differed sig- 
nificantly from those fed diet C following the administration 
of massive doses of thyroid. On diet A the retardation in 
growth of thyroid-fed rats (group 11) was completely counter- 
acted by extracted liver residue (group TV), partially counter- 
acted by soybean oil (group V), and tmaffected by vitamin Bij 
(group m). On diet C the growth retardation of thyroid-fed 
rats (group 11) was completely coimteracted by all three sup- 

See footnote 9, page 267. 

\ See footnote 3, page 261. 

The vitamin employed in the present experiment was obtained from :M:erck 
and Co., Kahway, K. J. 

** Extracted liver residue, Wilson Laboratories, Chicago, 111, This product con- 
sists of the coagulated, water-insoluble material xemaininff after the removal of 
tho extractable ^vater-soluble substances. ^ 
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plements (groups III, IV and V). Furthermore, thyroid-fed 
rats ou diet C gained significantly more weight than similar 
animals (group II) on diet A. In the absence of dietary thyroid 
(grou^D I), no significant differences in gTowth were observed 
between rats fed either of the basal diets. 

Differences in ovarian weights were noted between rats fed 
diets A and C. On diet A ovaries appeared immature both hi 
weight and microscopic appearance in groups II, III and V. 
Among the thyroid-fed rats, only those fed extracted liver 
residue (group IV) had ovaries which were similar in weight 
and in histological appearance to those of the normal controls 
(group I). On diet C, however, ovarian weight was retarded 
in all thyroid-fed rats (groups II, III, IV and V). Kidney, 
adrenal and ventricular weights were increased on both diets 
A and C in all thyroid-fed rats. 

Experiment no. 5 . Comparative effects of soybean 
oil and other vegetable and animal fats on the 
gains in body iveight of immature rats fed 
massive doses of desiccated thyroid 

The basal ration employed in this experiment was diet A 
(table 1). Animals were fed diet A plus 0.5% desiccated 
thyroid^® plus 10% of each of the following fats: olive oil, 
peanut oil, cottonseed oil, wheat germ oil, corn oil, soybean oil, 
hydrogenated cottonseed oil and lard.*’'^ Control groups were 
fed diet A alone and diet A plus 0.5% desiccated thyroid. 
Thyroid and the various fats were incorporated in the above 
diets in place of an equal amount of sucrose. 

^ See footnote 3, page 261. 

Crisco. 

*^Tlie fats were obtained from the following sources: olive oil, Strohmeyer and 
Arpe Co., New York, N. Y.; peanut oil, Planters Edible Oil Co., San Erancisco, 
Calif.; cottonseed oil. Wesson Oil and Snowdrift Sales Co., New Orleans, La.- wheat 
germ oil, VioBiu Corporation, iXonticello, 111.; corn oil. Corn Products Refining 
Co., Argo. 111.; soybean oil. House of Better Lh-ing, Los Angeles, Calif.; Crisco, 
Procter and Gamble, Cincinnati, Ohio; and lard, Bath Packing Co., Waterloo, Iowa! 
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Eighty-seven female rats with an average weight of 45.9 gm 
were selected for this experiment. Diets were prepared bi- 
weekly and stored under refi’igeration. 

The effects of the various diets on gain in body weight are 
summarized in table 8. These indicate that massive doses of 

TABLE 8 

Comparative effects of vegetable and animal fats on. the gains in body weight of 
imTiiature rats fed 'massive doses of desiccated thyroid 

The values in. parentheses indicate the number of animals that survived and on 
which averages are based 


SUPPLEMENT ADDED 

TO BASAL RATION 

THYROID 

NUMBER OP 
ANIMALS 

INITIAL 
BODY WT. 

gain in body wt. 
OVER 28 -day 
PERIOD ^ 

None , 

% 

0.5 

15 

ffnt 

46.0 

ffm 

44.7 ± 2.9 

Olive oil 

0.5 

8 

46.1 

( 9 ) 

67.7 ± l.G 

Peanut oil 

0.5 

8 

45.6 

(6) 

69.6 ± l.’i 

Cottonseed oil 

0.5 

8 

45.9 

(6) 

70.1 ± 1.1 

Wlieat germ oil 

0.5 

8 

45.8 

( 7 ) 

73.3 ± S-0 

Corn oil 

0.5 

8 

45.8 

( 5 ) 

74.6 ± 3.9 

Soybean oil 

0.5 

8 

46.1 

( 7 ) 

74.7 ± 3.0 

( 7 ) 

76.2 ± 1.0 

Crisco 

0.5 

8 

45.9 

Lard 

0.5 

8 

46.0 

(6) 

82.9 ± 3.9 

None 

0.0 

8 

45.4 

( 5 ) 

101.8 ± 0-7 


.UJ..C 

( 8 ) 


' Including the standard error of the mean. See footnote 1, table 2. 


thyi’oid caused a marked retardation in the gains ° 
weight of immature rats fed a low fat diet. The gio 
tarding effect of thyroid was partially counteracted by^ 
creased administration of fat. All fats tested 
significantly over that observed in thyroid-fed rats on 
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fat diet, but gain in body weight was most marked for the 
animals fed lard. In view of the small number of rats em- 
ployed, it is doubtful if the differences in growth among ani- 
mals fed the various fat-containing diets were statistically 
significant. Although increasing the fat content of the diet 
augmented the gains in body weight of immature rats fed mas- 
sive doses of thyroid, it did not counteract other effects of 
thyroid administration, such as inhibition of ovarian develop- 
ment or increase in kidney, adrenal and ventricular weights. 
Soybean oil was not superior to other fats in its ability to 
promote growth in the immature thyroid-fed rat. 

DISCUSSION 

It is becoming increasingly apparent that the effects of 
thyroid feeding are dependent to a considerable degree on 
the composition of the basal ration. It is well known that mas- 
sive doses of thyroid cause a marked retardation in growth 
in the immature rat. Recent findings indicate, however, that 
the growth-retarding effect of thyroid may be completely coun- 
teracted by the administration of defatted and desiccated 
whole liver (Ershoff, ’47a, ’47b; Betheil et ah, ’47) and other 
animal tissues such as defatted and desiccated heart, kidney, 
placenta, duodenum, thymus and brain (Ershoff, ’48b). 

Massive doses of thyroid have also been found to inhibit 
ovarian development in the immature rat (Ershoff, ’45). This 
effect may also be counteracted by the administration of 
defatted and desiccated whole liver (Ershoff, ’47b). Liver 
feeding, however, does not prevent the rise in oxygen con- 
sumption nor the increase in adrenal, kidney and ventricular 
weights following thyroid feeding, nor will it prevent the 
attendant reduction in ventricular creatine concentration 
(Ershoff, ’47a). It is apparent that the protective effects of 
liver noted above are antithyrotoxic effects, and not due to 
neutralization, elimination or destruction of the thyroid hor- 
mone. 

In the present series of experiments data were obtained indi- 
cating that full-fat soybean meal also exerts an antithyrotoxic 
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effect in the immature female rat. The protective effects of 
this substance are due in part to its fat content, but there 
appears to be at least one factor in soybeans other than their 
fat content which also plays a part in counteracting symptoms 
of thyrotoxicity in the immature rat. 

A number of reports have appeared concerning the beneficial 
effects of dietary fat for the hyperthyroid animal. Abelin and 
co-workers (Abelin, ’26; Abelin and Kursteiner, ’28; Abelin, 
Einuchel and Spichtin, ’30) observed that increasing the fat 
content of the diet counteracted in part the rise in basal 
metabolic rate and the reduction in liver glycogen following 
thyroid feeding*. Berg* ( ’34) found that large amounts of 
vegetable fats lowered the metabolic rates of hyperthyroid 
dogs. Similar findings have been observed with respect to 
certain animal and vegetable fats and the hyperthyroid rat 
(Munoz, ’44; Spalloni Cialdea, ’45; Hoffmann, Hoffmann and 
Talesnik, ’45). Available data indicate that the protective 
effects of fat noted above were due, at least in part, to certain 


unsaturated fatty acids. 

Keeser (’38) reported that sodium oleate and linoleic aci 
protected against the rise in oxygen consumption following 
administration of the thyroid hormone ; Avhile Guerra ( d ) 
observed that the protective effects of animal and vegetab e 
fats against the rise in basal metabolic rate following thyioi 
feeding* were correlated with the degree of unsaturation of t e 
various fats. Similar data concerning the protective effec s 
of certain unsaturated fatty acids on the hyperthyroid anima 
have been reported by Zain ( ’36, ’37). This investigator foun 
that linoleic acid, but not stearic acid, would prevent redim lo^ 
in liver glycogen following administration of massive^ o 
of thyroid to the female rat. Values obtained with oleic aci 
lay between these two. Linoleic acid also protected agains 
loss in weight following* thyroid feeding. Although some 
the effects noted above may have been due, at least in » 
to an increased caloric intake or to the mgestion of fat-so 
vitamins or other nutrients present in the various fats, 
data nevertheless indicate that fat per se, and certain a . 
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acids in particular, may modify tlie effects of excesshm 
amounts of thyroid hormone. 

The results of the present experiments provide further data 
concerning the beneficial etfects of fat on the hyperthyroid 
animal. It 'vvas observed that increasing the fat content of 
the diet partially counteracted the growth retardation of im- 
mature rats fed massive doses of thyroid in conjunction with 
a low fat diet. A number of fats were tested at a level of 10% 
in the diet for their growth-promotmg effects on the immature 
hyperthyroid rat. Olive oil, peanut oil, cottonseed oil, wheat 
germ oil, corn oil, soybean oil, hydrogenated cottonseed oil and 
lard were all found to cause a gain in body Aveight significantly 
greater than that observed in thyroid-fed rats on a control 
low fat ration. They did not, however, counteract other effects 
of thyroid administration, such as inhibition of ovarian de- 
velopment or increase in kidney, adrenal and Amntficular 
weights. 

No data are available concerning the mechanism by Avhich 
fat exerts its growth-promotmg effect on the immature hyper- 
thyroid rat. It is possible that recLuirements for certain fatty 
acids are increased in the hyperthyroid animal to the extent 
that a deficiency of these nutrients is precipitated on diets 
low in fat. The gain in body weight folloAving the administra- 
tion of various fats might be regai'ded under these circum- 
stances as due to the correction of a nutritional deficiency. 
The butyl alcohol residue of extracted liver residue, however, 
which contains virtually no fat, is far more effective than any 
of the above fats in counteracting the growth retardation of 
hyperthyroid rats on a low fat diet (Ershoff, ’48b). It would 
appear, therefore, that the growth-promoting effect of fat on 
the hyperthyroid rat is due to some factor other than the 
correction of a fatty acid deficiency. It is possible that fat 
may stimulate the synthesis of an antithyrotoxic factor by^ 
the intestinal flora. Whipple and Chui'ch’s finding (’35) that 
lard exerts a favorable effect on the intestinal synthesis of 
thiamine in the rat may be pertinent m this regard. No data 
are available indicating to Avhat extent differences in groAvth 
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on the various rations 
caloric intake. 


uiay have been due to differences in 


eomiwT experiments indicate that full-fat soybean meal 
ompletely counteracts the growth retardation of immature 

desiccated thyroid. Gain in body 
<?nv]i considerably reduced, however, when low fat 

^bean flour was fed in place of the full-fat soybean meal. 

+ °“^^^^ed from the above rations, no signifi- 

cant differences in growth were observed on any of the diets 
mployed The retardation in growth of thyroid-fed rats on 
Ruling low fat soybean flour was completely counter- 
ac e y t 6 administration of 10% soybean oil, added m 
p ace ^ equal amount of sucrose. Similar results were 
o ame , owever, with the administration of 10% extracted 
iver resi ue or crystalline vitanain when fed at a level of 
dO Mg per kilogi'am of diet. 


A sipiificance of these findings is not readily apparent 
• pi’otective effects of extracted liver residue 

due to a bound form of vitamin Bio, it 
account for the equal etfectiveness of soybean 
^ ^ assumption is made that the growth retardation 
0 yperthyroid rats on a diet containing low fat soybean 
our IS ue to a vitamin Bio deficiency, an interpretation in 
accord with previous findings (Emerson, ’49), it follows that 
soy Mn oil either: (1) decreases body requirements for vita- 
stimulates the synthesis of vitamin Bio by the 
floia or the animal’s own tissues; or (3) contains 
significant amounts of a substance with vitamin Bio activity. 

o a a are available for determining which of these alterna- 
tives, if any, is correct. 


In agreement with earlier findings (Ershoff, ’48b, ’49), 
vitamin Bio in the present experiments failed to counteract 
^ e growth retardation of hyperthyroid rats fed a diet low 
in fat and containing casein as the dietary protein. Animals 
fed extracted liver residue under similar experimental condi- 
tions, however, gained as much weight as the normal controls. 
These results indicate that the growth-promoting' effect of 
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extracted liver residue is not due to its vitamin B 12 content. 
The gains in body weight of thyroid-fed rats receiving soybean 
oil was intermediate between those of animals fed vitamin B 12 
and those of rats fed extracted liver residue. 

Data on ovarian weight also indicate that the protective 
effects of extracted liver residue, under the conditions of the 
above expei’iment, were due to some factor other than vitamin 
B, 2 . The ovaries of thyroid-fed rats on the vitamin Bi 2 supple- 
ment were hnmature both in weight and microscopic appear- 
ance. Similar findings were obtained with animals fed soybean 
oil. The ovaries of rats fed extracted liver residue, however, 
were indistinguishable grossly and in histological appearance 
from those of the normal controls. The protective effects of 
extracted liver residue were presumably due to an unidentified 
nutrient, which has been termed the “antithyrotoxic factor 
of liver.” Available data indicate that this factor is distinct 
from any of the known nutrients, including vitamin B 12 
(Ershoff, ’47a, ’48b, ’49; Betheil et ah, ’47). 

It is apparent from the above findings that massive doses 
of thyroid can precipitate a deficiency of either vitamin B 12 
or the “antithyrotoxic factor of liver” in the immature female 
rat, depending on the composition of the basal ration. When 
immature female rats were fed a low fat diet containing casein 
as the dietary protein, the retardation in growth following 
thyroid feeding could be coimteracted by extracted liver resi- 
due but not by vitamin Bjo, indicating that it was due to a 
deficiency of the “antithyrotoxic factor of liver.” When im- 
mature female rats were fed a similar diet containing low 
fat soybean flour as the dietary protein, the resulting growth 
retardation was due to a deficiency of vitamin Bj,. The ques- 
tion immediately arises of why animals fed the low fat soybean 
flour did not develop a deficiency of the “ antithyrotoxic factor 
of liver” and, conversely, why rats fed the casein-containing 
ration did not develop a deficiency of vitamin Bjj. 

It was observed in the course of the present experiments 
that when immature female rats were fed massive doses of 
thyroid in conjunction with a low fat diet, they gained signifi- 
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cantly more weight on a ration containing low fat soybean 
oui as the dietary protein than they did on a diet containing 
purified casein. Since the amount of thyroid in both diets was 
identical, it is apparent that the soybean flour either: (1) 
contained one or more factors which counteracted in part the 
growth-retarding effects of thyroid; or (2) stimulated the 
synthesis of such a factor or factors by the intestinal flora 
or the animaPs own tissues. 

Although part of the growth-promoting effect of low fat 
soybean flour may have been due to its fat content (7%), it 
would appear that it contains at least one additional factor 
which is qualitatively similar to, if not identical with, the 
''antithyrotoxic factor of liver.’' The failure of thyroid-fed 
lats on a soybean-containing ration to develop a deficiency of 
the antithyrotoxic factor of liver ” may be due to the presence 
of such a factor. Recent findings (Rubin and Bii’d, ’47) indicate 
that diets high in soybean meal increase body requirements 
foi vitamin B 12 . The combination of such a diet and an in- 
ci eased vitamin Bio requirement resulting from thyroid feed- 
ing (Betheil and Lardy, ’49) would appear to be primarily 
lesponsible for the appearance of a vitamin Bjo deficiency in 
hypei thyroid rats on a soybean-containing ration. 

The pretest dietary regime is also of importance in condi- 
tioning responses to thyroid feeding. Since significant amounts 
of vitamin Bjo can be stored in the tissues of the young rat 
during the period of pregnancy and lactation (Emerson et 
al., 49), the occurrence of a vitamin Bio deficiency and its 
extent following thyroid feeding is dependent in part on the 
vitamin Bio content of the pretest dietary regime. The growth 
retardation of hyperthyroid rats fed a diet low in fat and 
containing casein as the dietary protein was completely coun- 
teracted in the present experiments by extracted liver residue. 
Vitamin B 12 under similar experimental conditions showed no 
grow^th-promoting activity. It would appear, therefore, that 
the growth retardation rroted above was due entirely to a 
factor or factors other than vitamin B 12 . Apparently, suflicient 
amounts of vitamin Bio were stored by the animals from their 
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pretest dietary regime to meet any increase in vitamin B 12 
requirements resulting from thyroid feeding. Betheil and 
Lardy (’49) recently reported that vitamin Bjs partially coun- 
teracted the growth retardation of male rats fed thyroid- 
containing rations similar to those described above. It would 
appear that these workers were dealing with a deficiency of 
both vitamin Bjo and the “ antithyrotoxic factor of liver.” 
Further work is needed to determine to what extent ditfer- 
enees in sex, strain and pretest dietary regime were responsi- 
ble for the diverse results obtained by Betheil and Lardy and 
by the present author. 


SUMMARY 

Full-fat soybean meal completely counteracted the growth 
retardation of immature rats fed massive doses of desiccated 
thyroid or iodinated casein. It did not counteract, however, 
the attendant reduction in basal metabolic rate. 

The antithyrotoxic effects of full-fat soybean meal were 
correlated in part with its fat content. Growth was retarded 
in hyperthyroid rats fed similar diets but containing low fat 
soybean flour in place of the high fat soybean meal. 

The retardation in growth of immature hyperthyroid rats 
on a diet containing low fat soybean flour was completely 
counteracted by the administration of either soybean oil, ex- 
tracted liver residue or ciystalline vitamin Bio. When im- 
mature rats were fed a similar diet but containing casein as 
the dietary protein, the growth retardation following thyroid 
feeding was completely counteracted only by extracted liver 
residue. Soybean oil showed some counteracting activity; 
vitamin Bi, was inactive. 

Increasing the fat content of the diet augmented significantly 
the gains in body weight of hyperthyroid rats fed a diet low 
m fat and containing casein as the dietary protein. Both 
animal and vegetable fats were active in this respect. 
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pretest dietary regime to meet any increase in vitamin B 12 
requirements resulting from thyroid feeding. Betheil and 
Lardy (’49) recently reported that vitamiir Bin partially coun- 
teracted the growth retardation of male rats fed thyroid- 
containing rations similar to those described above. It would 
appear that these workers were dealing with a deficiency of 
both vitamin Bio and the “antithyrotoxic factor of liver.” 
Further work is needed to determine to what extent ditfer- 
ences in sex, strain and pretest dietary regime were responsi- 
ble for the diverse results obtained by Betheil and Lardy and 
by the present author. 


SUMMARY 

Full-fat soybean meal completely counteracted the growth 
retardation of immature rats fed massive doses of desiccated 
thyroid or iodinated casein. It did not counteract, however, 
the attendant reduction in basal metabolic rate. 

The antithyrotoxic effects of full-fat soybean meal were 
correlated in part mth its fat content. Growth was retarded 
in hyperthyroid rats fed similar diets but containing low fat 
soybean flour in place of the high fat soybean meal. 

The retardation in growth of immature hyperthyroid rats 
on a diet containing low fat soybean flour was completely 
counteracted by the administration of either soybean oil, ex- 
tracted liver residue or crystalline vitamin Bio. When im- 
mature rats were fed a similar diet but containing casein as 
the dietary protein, the growth retardation following thyroid 
feeding was completely counteracted only by extracted liver 
residue. Soybean oil showed some counteracting activity; 
vitamin Bjo was inactive. 

Increasing the fat content of the diet augmented significantly 
the gains in body weight of hyperthyroid rats fed a diet low 
m fat and containing casein as the dietary protein. Both 
animal and vegetable fats were active in this respect. 
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MEAD JOHNSON AND COMPANY 
‘B-COMPLEX’ AWARD 


t. 

Nomiuatious are solicited for the 1950 Award of $1000.00 
established by Mead Johnson and Company to promote re- 
searches dealing with the B-complex vitamins. The recipient 
of this Award will be chosen by a Committee of Judges of the 
American Institute of Nutrition and the formal presentation 
will be made at the annual meeting of the Institute in the 
spring of 1950. 

The Award will he given to the laboratory or clinical re- 
search worker in the United States or Canada who, in the 
opinion of the judges, has published during the previous 
calendar year, January 1 to December 31, the most meritorious 
scientific report dealing with the field of the ‘B-complex’ vita- 
niins. While the award will be given primarily for publication 
of specific papers, the judges are given considerable latitude 
in the exercise of their function. If in their judgment circum- 
stances and justice so dictate, it may be recommended that the 
award be made to a worker for valuable contributions over an 
extended period but not necessarily representative of a given 
year. Membership in the American Institute of Nutrition is 
not a requisite of eligibility for the award. 

To be considered by the Committee of Judges, nominations 
for this award for work published in 1949 must be in the hands 
of the Chairman of the Nominating Conunittee by January 15, 
1950. The nominations should be accompanied by such data 
relative to the nominee and his research as will facilitate the 
task of the Committee of Judges in its consideration of the 
nomination. 

‘W’. H. Sebrell, Jr. 


Experimental Biology and 
2fed{cine Institute 
National Institutes of Health 
Bethesda, Maryland 

Chairman, ^^ominatino Committee 
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BORDEN AWARD IN NUTRITION 


Nominations are solicited for the 1950 Award of $1000.00 
and a gold medal made available by tbe Borden Company 
Foundation, Inc. Tbe American Institute of Nutrition will 
make tbis award in recognition of distinctive research by in- 
vestigators in tbe United States and Canada which has em- 
phasized the nutritive significance of the components of milk 
or of dairy products. The award will be made primarily for 
the publication of specific papers, but the judges niay recom- 
mend that it be given for important contributions over an ex- 
tended period of time. The award may be divided between 
two or more investigators. Employees of the Borden Company 
are not eligible for this honor. 

The formal presentation will be made at the annual meetmg 
of the Institute in the spring of 1950. To be considered foi t e 
award, nominations must be in the hands of the Chairman o 
the Nominating Committee by January 15, 1950. The nomina 
tions should be accompnaied by such data relative to e 
nominee and his research as will facilitate consideration or 
the award. 

L. A. Matnakd 

Cornell University, Ithaca, New tori 


CHAiRiTAN, Nominating Committee 


284 



OSBORNE AND :iIENDEL AWARD 


Nominations are invited for the Osborne and Mendel Award 
of $1000.00 established by the Nutrition Foundation, Inc. for 
the recognition of outstanding accomplishments in the general 
field of exploratory research in the science of nutrition. It 
shall he given to the investigator who, in the opinion of a Jury 
of Award, has made the most significant published contribu- 
tion in the year preceding -the annual meeting of the Institute, 
or who has published a series of contemporary papers of out- 
standing significance. 

The Award will be presented at the annual meeting of the 
American Institute of Nutrition. 

The recipient will he chosen by a Jury of Award of the 
American Institute of Nutrition. As a general policy, the 
Award will be made to one person. If, in the judgment of the 
Jury of Award, an injustice would otherwise be done, it may be 
divided among two or more persons. Normally preference 
'vill he given to research workers in the United States and 
Canada, but investigators in other countries, especially those 
sojurning in the United States or Canada for a period of time, 
are not excluded from consideration. Membership in the Insti- 
tute of Nutrition is not a requirement for eligibility and there 
is no limitation as to age. 

Nominations may be made by anyone. Nominations for the 
1950 Award, accompanied by data relative to the accomplish- 
ments of the nominee, must be sent to the Chairman of the 
Nominating Committee before January 15, 1950. 

H. E. Cae-iter 

University of Illinois: 

Urbana, Illinois 

Chairmak, ;Nomikati^jg Committee 
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OBSERVATIONS ON FOLIO ACID DEPICIENCN 
IN THE CHICK IN THE PRESENCE OF 
VITAMIN BiM 

a A, MCnOL, L. S. DIETRICII, G. A. ELVEIIJEM AXD E. B. HART 
Department of Biochemistry^ College of Ao^'i<^Minef 
Cniversity of ^Visconsin, Madison 


SE\’EN FIGURES 


(Received for publication J une 3, 1949 ) 


Previous work has shown that chicks placed on a puiifiec 
diet deficient in folic acid failed to grow normally and de\ el- 
oped some degree of anemia. The administration of vitamin 
Bi 2 or refined liver extract alone had no effect on hemoglobin 
regeneration (Nichol, Harper and Elvehjem, ‘’49b) but did 
produce some gTOwth response. When these chicks weie kept 
on the folic acid deficient ration for several weeks following 
treatment mth liver extract or vitamin Bio, they developed 
body tremors, extended, quivering wings and finally comxilete 
paralysis. None of these symptoms appeared in the contiol 
groups. Since the number of chicks used in the experiments 

"Published ^vith the approval of the Director of the Wisconsin Agricultural 
Experiment Station. Supported in part by funds supplied by the Commercial 
Solvents Corporation, Terre Haute, Ind. ; by Swift and Co., Chicago, 111. ; and by 
the Research Committtee of the Graduate School from funds supplied by the 
Wisconsin Alumni Research Foundation. 

Wo are indebted to Merck and Co., Inc., Rahway, N. J., for crystalline vita- 
min the vitamin concentrate and crystalline vitamins; to the Lederle 
Laboratories Division, American Cyanamid Co., Pearl River, N. Y., for byh - 
thetic folic acid; to Abbott Laboratories, North Chicago, 111., for haliver oil; 
to Wilson and Co., Inc., Chicago, 111., for gelatin; to Allied Mills, Inc., Peoria, 
Bl., for soybean oil; and to E. I. du Pont de Nemours and Co., Inc., New 
Brunswick, N. J., for crystalline vitamin D. 

*We are indebted to A. Sreenivasan for assistance in early preliminary work. 


rn Copyright, 1949 . 

the \\ istar Institute of Anatom> and Biology. 
All rights reserved. 
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OBSERVATIONS ON FOLIC ACID DEFICIENCY 
IN THE CHICK IN THE PRESENCE OF 
VITAMIN Bi,' 

C. A. KICHOL, L. S. UIETRICII, C. A. ELVEIIJEM -VXD E. B. HART 
Department of BiochemUtry, Collcyc of Jr/nculiurc, 

Vuiversity of Tri^con^iii, MadUoii 


riGUHES 


(Received for pubUcation Juue 3, 1949) 

Previous work has shown that chicks placed on a purified 
diet deficient in folic acid failed to grow normally an ^ ei e 
oped some degree of anemia. The administi ation of vitamin 
Bi, or refined liver extract alone had no effect on hemoglobin 
regeneration (Nichol, Harper and Elvehjem, Mfib) but di 
produce some growth response. When these chicks weie kep 
on the folic acid deficient ration for several weeks following 
treatment ufith liver extract or vitamin Bia? they developed 
body tremors, extended, quivering wings and finally comiilete 
paralysis. None of these symptoms appea-red in the control 
groups. Since the number of chicks used in the experiments 

'Published mtb the approval of the Director of the Wisconsin Agricultural 
Experiment Station. Supported in part by funds suppUed by the Commercial 
Solvents Corporation, Terre Haute, Ind.; by Swift and Co., Chicago, 111.; and by 
the Research Committtee of the Graduate School from funds supplied by the 
Wisconsin Alumni Research, h’oundation. 

We are indebted to Merck and Co., Inc., Rahway, N. J., for crystalline vita- 
min B,,, the vitamin B,, concentrate and crystalUne vitamins; to the Lederle 
Laboratories Division, American Cyanamid Co., Pearl River, ^ . Y., for syn- 
thetic folic acid; to Abbott Laboratories, Korth Chicago, DL, for haliver oU; 
to Wilson and Co., Inc., Chicago, lU., for gelatin; to AUied Mills, Inc., Peoria, 
III., for soybean oil; and to E. I. du Pont de Xemours and Co., Inc., Xew 
Brunswick, N. J., for crystalline vitamin D. 

*We are indebted to A. Sreenivasan for assistance in early preliminary work. 
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on hemoglobin regeneration was limited, the growth of folic 
acid deficient chicks in the presence of vitamin Bjo and the 
occiiiience and cure of the observed symptoms Avere iiwesti- 
gated further. 

EXPERIMENTAL 

Sti aight-run crossbred chicks (ISTcaa^ Hampshire ^ ^ X 
Single Comb AVhite Leghorn $ $ ), Avhicli AA^ere the progeny 
of hens fed diet B-1 ^ described preAdously (Eobblee et al, 
48), AAeie used in all experiments. The chicks were housed 
in electrically heated batteries Avith raised screen floors. Peed 
and AAmter AAmre supplied ad libitum. The chicks AA^ere Aviug- 
banded AA^hen one day old. Weights AAmre recorded at Aveekly 
inteiwals. 

The purified basal ration contained sucrose 61 gin, alcohol- 
extracted casein 18 gm, gelatin 10 gm, salts V 6gm (Briggs 
et al.,^ ’43), soybean oil 5 gm, L-cystine 0.3 gm, thiamine hydro- 
chloride 0.3 mg, riboflavin 0.6 mg, pyridoxine hydrochloride 
0.4 mg, nicotinic acid 5.0 mg, calcium pantothenate 2.0 ing, 
biotin 0.02 mg, inositol 100 mg, choline chloride 150 mg, 2- 
methyl-1, 4-naphthoquinone 0.05 mg, a-tocopherol 0.3 mg’, and 
fortified halhmr oil (60,000 U.S.P units of Autamin A, 6,000 
L.S.P. units of Antamin Dg per gTam) 40 mg. 

Liver extract and vitamin Bio Avere compared with respect 
to their etfect upon groAAdh and the incidence of the symptoms 
(table 1), All chicks Avere fed the folic acid deficient basal 
lation for 19 days. Then one group receiA^ed one U.S.P. unit 
of liver extract ^ by intramuscular injection on alternate 
days. Another group AAms fed a vitamin Bio concentrate 
mixed into the ration to pro Ancle apiiroximately 3 pg of Auta- 
min Bi 2 per 100 gm of ration. A smaller group given no 
dietary supplement serAmd as a negative control. 

During a tAvo-AA^’eek period both liAmr extract and Adtainin Bi- 
stimulated the gTOAvth rate of the folic acid deficient chicks. 

Giound yellow corn 36 Jb., ground wheat 25 lb., ground oats 10 lb., wheat 
bvan 5 lb., wheat middlings 5 lb., alfalfa leaf meal 5 lb., fish meal 2 lb., sovhean 
oil meal 2 lb., meat scraps 2 lb., bone meal 1 lb., iodized salt 0.5 Ib., fish oil 
(85D-600A) 1 lb., MnSO^'IIjO 0.2 oz., riboflavin 100 mg. 

Lilly, Reticulogen, 20 U.S.P. units per milliliter. 
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Symptoms similav to those observed in previous experiments 
occurred in 54% of the chicks receiving liver extract and in 
of those receiving vitamin Bj... 

As the symptoms developed, the wings were first extended 
from the sides of the body and quivered persistently in the 
position sho^\^I in figure 1. A sudden rigid extension of the 
toes ocnvred when the birds were picked up, and tremors of 
the whole body were noticed. The extension of the wings was 
periodic at first but became more pronounced and was ac- 
companied by unsteadiness and difficulty in maintaining bal- 
ance when walking (fig'. 2). The birds consistently fell forward, 


TARLE 1 

The e^'ect of liver extract and rifamia Bi 2 concentrate 
on folic aci<l deficient chicles 


siUPl'LKMEKT 

AVKUAOE n'KlGIIT 

XO, OF 

IXCIDEKCE 

OF 

SYMPTOMS 

19 days 

33 days 

CHICKS 


l/m 

am 


% 

Xotie 

Uver e.\tract (0.5 XJ.S.P. unit 

70 

79 

14 

0 

per bird per day, injected) 

Vitamin. concentrate, 0.7% 

(contributes 3 Mg vitamin Bjj per 

71 

11a 

83 

54 

lOO gni ot ration) 

70 

109 

50 

52 


^nd in severe cases they Avould lie prostrate, apparently para- 
lyzed. However, when the leg muscles were exercised and the 
bird was lifted to its feet partial recovery occurred. The chick 
could then stand and Avalk for some time, although the ex- 
tended quivering wings persisted. The birds remained in a 
paralyzed condition for two to 4 days before dying. 

The incidence of extended wings and paralysis was higher 
among the more rapidly growing birds within the groups 
"hich were supplemented with vitamin Bj, alone. The chicks 
placed on test in order that the response of the symptoms to 
' arious treatments might he observed Avere generally 20 gm 
icavier than the average weight for the whole group. 
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The severity of the symptoms was graded on an arbitraiy 
scale from zero (normal) to ++++ (prostrate), and on this 
basis appropriate groups of chicks were compared. The con- 
dition approximating gvade -j — j — h is sho^vn in figure 2. 

The response of the chicks to treatment with folic acid is 
shown in fignire 3. Each curve represents the average grade 
of the number of chicks indicated inside the brackets. The con- 
trol group showed a consistently severe condition ; by the 13th 



Pig. 1 (left) — Polie aeid deficient chick receiving vitamin B,, (age--j> 
weeks, weight SSgni), showing the early periodic extension of the wings, 
quiver when held in this position. 

Fig. 2 (right) — Folic acid deficient chick receiving vitamin Bu 
5 weeks, weight 106 gm), showing the persistent extension of the wings anc 
inability to maintain balance. 


day, 4 of the 12 chicks in this group had died. All of the 
others survived the experimental period shown. Injection o 
50 Mg of folic acid caused complete recovery for 12 to 
days, at Avhich time the symptoms reappeared and progresse 
rapidly to a severe condition. Injection of 20 pg' of folio acn 
caused marked improvement for 6 to 8 days. Fifty nncio 
grains of folic acid administered orally were not as etfectne 
as 20 Mg given by injection. All doses were administered on ^ 
once, on the first day (indicated by zero) of the experimenta 
period shown in figure 3. 
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Otlior substances toslod which luul no curative eiToel wlioii 
iKlmmisteveil orally included ; />aininobenzoic acid (25 mg/ 
btrd/day), ascorbic acid (oOing/bivd/day), thymine (2 mg/ 
bird/day), adenine and guanine (2 mg of each/bird/day) and 
60% methanol extract of fresh liver (0.3 ml 3gm fre.sh 
Uvev/buxl/day). A. concentrate of the Leiiconostoc citro- 
I'orum factor •* (Saubevlich and Baumann, ’48), administered 
by injection, was also inactive (11,000 uuits/bird/day). 

The growth-promoting activity of vitamin Bi... was tested 
in the presence and absence of folic acid (t^able 2). Also the 
activity of a vitamin B,, concentrate mixed into the ration 



Fig. 3 Response of deficient chicks to treatment ^Yitil folic acid. 


)''as compared with that of pure vitamin administered by 
injection. In the groups which were supplemented during the 
l-week period, vitamin Bj, caused a significant increase in 
the rate of growth when added to the folic acid deficient basal 
I'ation (groups 1 and 2) or when added to a ration containing 
200 pg of folic acid per 100 gm (groups 3 and 4). Crystalline 
Vitamin Bjo (0.1 gg/bird/day injected intramuscularly during 
the third and 4th weeks) stimulated the rate of growth (group 
6) to the same extent as the vitamin Bj, concentrate which 

‘We are indebted to G. B, Drysdale and C. A. Baumann for a concentrate 
^ the LeuconostoG ciirovorum factor. 
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was added to the folic acid deficient ration (group 5) during 
the same period. 

The characteristic symptoms described above developed in 
all' groups which received vitamin Bin without folic acid, 
whether as a concentrate mixed into the ration or as the 
ciTstalline material administered by injection. These symp- 
toms were observed in 66% of the chicks in group 2, 52% 
in gi-oup 5 and 55% in group 6, None of these symptoms 


T.VBLE 2 

The effect of vita 7 niji when given with and without folic 
acid to chicles fed a purified ration 


GEOUP 

SUPPLEMENT 

NO. OF 
CHICKS 

Hb 

4 WEEKS ' 

AV. WT. 

4 WEEKS 

1 

None 

15 

grn. % 

7.26 

am 

75 

O 

^12 (concentrate, 0.7% = 3 /ig per 

100 gm of ration) 

17 

G.74 

128 

3 

Tolic acid (200 per 100 gm of 

ration) 

IS 

8.00 

195 

4 

I'olic a^id (200 ag per 100 gm) -f- 
(^ Mg per 100 gm) 

16 

8.10 

237 

0 

(concentrate, 0.7% = 3 fig per 
100 gm of ration)’ 

71 

6.6'i 

94 

6 

(crystalline, 0.1 /xg per 
bird per day, injected)’ 

11 

6.47 

105 


^Ten observations per group. 

Vitamin given during the third and 4th weeks. 


appeared in the negative control group (group 1) or in the 
groups which received folic acid (groups 3 and 4). 

The effects of folic acid and of vitamin Bi, upon feath- 
ering are compared in figures 4-7, which show the typ- 
ical feathering of chicks in groups 1 to 4, table 2, at the 
age of 5 weeks. The retarded growth rate and poor feather- 
ing of the chicks receiving only the basal ration is character- 
istic of folic acid deficiency (Mills et ah, ’42). The addition to 
the folic acid deficiency ration of vitamin Bjo alone increased 
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the rate of gvo^vth but did not cause comparable improvement 
in feathering-, men folic acid (200 gg/lOO gm) was added 
o the basal ration, normal feathering was observed. Chicks 
which received both folic acid and vitamin also showed 
normal feathering but grew more rapidly than the birds 
Avhieb were supplemented with foUc acid alone. 

DISCUSSION 

Bliggs et al-. ( 43) occasionally observed paralysis in chicks 
leceiving the basal ration used in a study of vitamins Bio 
(for feathering) and (for gro^vth). They described the 
ti enabling body and wings’’ and a temporary recovery from 
t e paialyzed condition following’ exercise, which indicate 
t e similarity to the symptoms described here. No effort 
V as made at that time to secure chicks from a uniform source. 
The now-recognized variable groAvth response due to vitamin 
B32 stored by chicks from commercial sources was very likely 
a factor in the occurrence of the symptoms. 

The early work on the separation of vitamins Bio Bn 
was undoubtedly complicated because: (1) the occasional 
observation of the above symptoms indicated a lack of uni- 
formity with respect to the vitamin Bio stored in the chicks; 
(2) varying amounts of vitamin Bio would occur in the frac- 
tions which were derived from solubilized liver; and (3) vari- 
ation with respect to both growth and feathering would occur 
because of the marginal amounts of folic acid present in 
many of the fractions. The presence of two factors Avas clearly 
indicated by the data presented, but interpretation of the 
data Avas made difficult by inability completely to separate 
giOAAdh from feathering and by the different activities of 
the conjugated forms of folic acid in the microorganisms and 
in the chick. 

Present knoAAdedge of the activity of folic acid and Adtamin 
Bi 2 in the chick permits better interiDretation of the earlier 
AAmrk on vitamins Bio and Bn. A purified ration supplemented 
AAdth folic acid supports good groAAdh and normal feathering. 
The addition of vitamin Bio and folic acid to the basal ration 
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also supports normal feathering, yet further increases the 
rate of growth. Chicks receiving the folic acid deficient basal 
ration showed the retarded growth and poor featheiing eai ler 
attributed to vitamin Bio deficiency. The addition of vitamin 
Bi 2 to this basal ration increased the rate of growth but caused 
only slight improvement in feathering. 

The occurrence of the extended wings and of paialysis 
was related to the growth rate induced by vitamin Bio in the 
folic acid deficient chicks. Richardson et al. ( ■^^) imve de- 
scribed a similar condition in turkey poults receiving a vita- 
min (folic acid) deficient ration. The folic acid requirement 
of the more rapid-gi’owing poult is reported to he at least 
twice that of the chick (Jukes et al., ’47). The poults which 
showed spastic cervical paralysis and drooped, quivering 
wings had completely recovered one day follo'wing treatnaent 
with folic acid. Two observations of Richardson et al. ( ’45) 
bear important relationship to the work presented here : (1) 
more rapid development of cervical paralysis occuried when 
a liver extract containing only traces of folic acid was added to 
the cerelose-casein-gelatin basal ration; and (2) the symptoms 
developed several weeks sooner in poults hatched from hens 
without access to forage than in those from hens on range. 
The chicks used in the present studies were depleted by 
control of the hens’ diet, and were the same as those which 
have shown consistent growth responses to treatment with 
liver extracts (Nichol et al., ’49c) and crystalline vitamin 
B,o (Nichol, Dietrich, Cravens and Elvehjem, ’49a). ^ 

In all experiments in which chicks receiving the folic acid 
deficient basal ration were supplied with vitamin B 12 as the 
crystalline material, or with liver extract by injection or as 
a concentrate mixed into the ration, the characteristic symp- 
toms described above developed in more than 50% of the 
birds. None of these symptoms appeared in the control groups. 
Treatment with adequate folic acid caused their rapid and 
complete disappearance. 

The use of the crude charcoal concentrate of vitamin B ,2 
left open the possibility of contamination with folic acid. In 
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the experiments here reported this vitamin B12 coneeutiate 
las compared ,vith liver extract aad crysta Ime vrtam Rj 
The similar growth response and the consistent ^ P 
of symptoms precludes explanation of the obsei\ o 

the presence of folic acid. 

The livers of severely depleted chicks were 0 

tain approximately one-half the W 

that is present in the livers of normal bjrds ^ achon 

vitamin B. resulting in more 

within the tissues, or m stimulating the p Ijy 

acid by intestinal microorganisms, should tt .rgyer 

changes in the growth rate and hemog^bm leveh ^0. 
the increased growth was not accompanied y P 
in the anemia and poor feathering v^ich ai® 
acid deficiency in the chick, ^so, 0 ic extended 

pearance of the symptoms ^liaracteiized y ^ 

quivering wings before any chanp m 
apparent, and the high blood glucose ved ^ 
receiving the folic acid deficirat basa ^ (Williams 

by the addition of vitamin B,, alone ^ ^ increases 

et al., ’49). The mechanism by 'folic acid, 

the growth rate may function indepe ' animal 

AUhough vitamin B. bas been 
protein factor activity _(Ott et al., jjas re- 

possessing similar activity may exis . 

ported the purification of two pigments f joicro- 

antipernicious anemia activity. pf7 ^^x^aots and fernien- 
biologically active components of hyei of paper 

tation products have been separated 5 ,,q. ^yinsten and 
chromatogTaphy (Cuthbertson and Snntli, i , 

Eigen, ’49). New and special conditions y ^jjimal, 
to demonstrate the activity of these ^‘^J'toi .jooked. 

but the possibility of their influence should not be 

SUMMARY 

Folio acid deficiency in chicks fed » P""®f n»- 

accentualed by supplying vitamm as the ciys 
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tevial, by injection or as a concentrate added to tlie ration. 
Extended quivering wings, body tremors and complete paraly- 
sis developed in more than 50% of the chicks which received 
utainin Bio. Treatment with folic acid caused complete dis- 
appearance of these symptoms within 24 hours. Injection of 
folic acid was more effective than oral administration. None 
of these symptoms developed in the control groups. 

Vitamin Bio increased the rate of growth of the folic acid 
deficient chicks but did not cause marked improvement in 
feathering. The addition of vitamin Bio to a sucrose-casein 
purified ration containing 200 iJg of folic acid per 100 gm 
caused a further significant increase in gTOwth. The relation 
of folic acid and vitamin Bio to the previously described 
vitamins Bio and Bu is briefly discussed. 
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ONE FIGUnE 

(Received for publication March 10, 1949) 
rXTRODUCTIOX 

The production of antibodies in the rabbit has been demon- 
strated over the years by various methods and 'svitb a '«dde 
variety of antigens. Little attention was paid to the diet 
in these studies, and the condition of the experimental animal 
^vas not considered in more than a general way. Of late years, 
however, our knowdedge of nutrition bas increased and its 
relation to immunity and resistance bas been stressed 
(Cannon, ’42). TVe bave come to reabze that tbe problem of 
antibody production is closely associated wdtb tbe nutritional 
state of tbe animal. 

Cannon, Chase and Wissler (’43) and Wissler (’47), using 
a low protein cookie plus carrots, bave demonstrated that 
rabbits depleted in proteins on sucb a diet produced aggluti- 
of a much lower titer than rabbits on tbe usual commercial 
diet. These investigators studied tbe problem in depleted 
animals by means of agglutinin titers, wbicb are end point 
determinations that test tbe relative concentration but not 
total antibodies of an antiserum. 

Por comparable quantitative studies, however, tbe full range 
of antigen antibody reactions must be considered (Boyden and 

‘ These studies were supported by the Protein iletabolism Fund of the Bureau 
of Biological Research, Rutgers University, Xew Brunswick, X. J. 
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De Falco, ’43; Boyden, Bolton and Genieroy, ’47), and unless 
the whole curve representing such reactions is taken into con- 
sideration, erroneous conclusions may be drawn mth regard 
to the total antibodies produced. There is need to extend such 
studies to measure quantitatively the production of anti- 
bodies in rabbits at the end of an extended period of protein 
depletion, and again after repletion with a specific protein. 

Since a simplified diet for the rabbit has not been formu- 
lated, it was necessary to try and develop a new diet that 
would maintain the animals through a lengthy depletion pe- 
riod as well as through the repletion period to follow. 


METHODS AND MATEBIALS 


Since adult animals have been found to be better antibody 
producers than young ones (Freund, ’30, ’31) and are seem- 
ingly better able to withstand the rigors of long-term depletion, 
mature animals weighing around 3 kg and about three months 
old were used. These rabbits, of hybrid strains obtained from 
a local source, were conditioned for two weeks on a eommei- 
eial diet prior to the start of the experiments. 

Beef serum was used throughout the experiments as an 
antigen. The lyophilized beef serum - was dissolved in dis- 
tilled water, Seitz-filtered, bottled under sterile conditions, 


labeled and stored in an icebox. 

Many experiments at this laboratory ® have shovm that an 
intravenous injection of 1 ml of antigen given three to 4 wee s 
before the regular series is administered enhances the pio 
duction of antibodies. Such a method we have called ® 
pi’esensitizing technique,^ and the initial injection 
presensitizing injection. The regular series consiste 
4 1-ml injections of the antigen, given subcutaneouslj'’ eveiy 


second day. 


’ Obtained through the courtesy of Sharp and Dohnie, Inc., Besearch Labora on , 
Glenolden, Pa. 

’ Unpublished data. 

‘ Method suggested by Dr. R. J. DeFalco, Department of Zoology, Ku S' 
University, formerly witli Sharp and Dohme, Inc., Glenolden, Bn- 
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One "week after the last injection, blood was withdrawn from 
the ear artery in the requii’ed amounts. It was then stored 
in the icebox overnight, the sera being obtained by centrifuga- 
tion next morning. 

Tests for antibodies were carried out with these sera using 
the photronreflectometer, a photoelectric insti’ument which 
measures the tui'bidity developed in antigen antibody mix- 
tures. In this method the antibody is kept constant and the 
antigen is diluted. The amount of precipitate formed is cor- 
related with the readings on the galvanometer scale ; thus the 
greater the antibody content of a serum the greater the precip- 
itate and the higher the galvanometric reading (Libby, ’38 ; 
Boyden and DeFalco, ’43). Curves relating the antigen di- 
lution with the galvanometric reading were plotted, the curve 
areas being a measure of the total turbidity of such reactions. 

Total serum protein and non-protein nitrogen, hemoglobin 
and hematocrit determinations were carried out every three 
weeks throughout the experiment. 

Preliminary experiments 

In their search for an adequate depletion diet for rabbits 
Cannon and his co-workers (’43) developed a low protein 
cookie, to be supplemented by carrots. One hundred grams 
of cookies were given to adult animals every other day, sup- 
plemented by 100 gm of carrots on the alternate day. Although 
the rabbits usually consumed their carrots, only about 60% 
of the cookies were eaten (Wissler, ’47). 

In our preliminary experiments, 100 gm of carrots were 
given daily and 100 gm of a modified Cannon cookie every other 
day to deplete our animals. This modified cookie consisted of 
the folloAving ingredients: dextrose and dextrin, each 18.5%; 
cornstarch 40%; commercial hydrogenated cottonseed oil,® 
3.5% ; cellu flour 15% ; Wesson salts ( ’32) 4.5%. One hundred 
grams of these cookies contained 0.054 gm of nitrogen. 

® Grisco. 
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On this cookie-plus-carrot diet the rabbits lost weight rap- 
idly. With the continuation of the diet the animals became 
extremely weak and death resulted in several cases. When 
depletion studies are carried out, it is important to distin- 
guish between a diet with a single factor lacking and one 
where multiple deficiencies exist. Thus, in the series dis- 
cussed above, the diet was deficient in both proteins and vita- 
mins. To eliminate a possible vitamin deficiency, the follow- 
ing vitamins were added to every 100 gm of the diet: 
thiamine 400-500 pg; pyridoxine HCl 500-600 pg; calcium-d- 
pantothenate 4 mg; niacin 10-12 mg; i-inositol 36 mg; choline 
100 mg; riboflavin 600-700 pg; Navitol® 1,665 I.U. vitamin 
A, 333 I.U. vitamin D. Since many of the vitamin require- 
ments of the rabbit have not yet been studied adequately, the 
amounts used were based on the known vitamin requirements 
of the dog, rat and guinea pig, modified according to what was 
thought might best meet the vitamin requirements of the 


rabbit. 

The feeding procedures wmre changed slightly, and instead 
of every second day, 100 gun of carrots were fed daily. With 
these changes, 4 animals were carried successfully through 
a three-months’ depletion pei'iod. Using the cookie type of 
diet and substituting 15% casein for an equivalent amount of 
carbohydrates, we were, however, unable to replete them with 
equal success. Therefore a search was made for an uncooke 
diet palatable to rabbits and on which they could be deplete 
and repleted successfully. The aim was to develop a com- 
pletely purified diet, but this was not achieved since the cairo 
supplement still had to be used. Without the carrots e^en 
this diet was not acceptable to most of the experimenta 
animals.'^ 

To maintain the animals in a good state of health upon e 
pletion and repletion, a new diet was introduced, patteine 


•Squibb. _ 

^However, in experiments conducted since, 4 rabbits were maintaine 
a 6-week period on the 24% casein diet to which 3% alfalfa meal was adde , ^ 
no supplement of carrots. 
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after the one developed by Allison and Audeison ( o) ni 
their depletion studies of the dog. After many tiia s ^\l 
varying amounts of agar and cellu (lour, the diet descii3e ^ in 
table 1 ivas devised; it was readily consumed by the rabbits. 
They ate on the average 75 gm of this diet per rabbit pei^ ay 
during the depletion i^eriod, along with an average of 13p gin 
of carrots. This diet was also fortified by the vitamins listed 
above. Water was given ad libitum. 

Preparaiion of the diet 

The diet is prepared as follows : the agar is dissolved in boil- 
ing water and commercial hydrogenated cottonseed oil® is 
melted into the solution. The dry ingredients are weighed and 
thoroughly mixed in a separate pan and added to the agai- 
cottonseed oil mixture after it has cooled down to about 50 C. 
This facilitates mixing and the production of an even-textuied 
diet. 

The mixing is carried out with an electric stiri'er at high 
speed until a homogeneous mixture is obtained. When cooled 
down sufficiently, and before solidifying, the^ watei-soluble 
vitamins are added.^ The resulting substance is then poured 
into a pan and stored in the icebox. A solid diet results. Small 
pieces in the amounts required for feeding purposes can be 
readily cut. Navitol, one drop per 100 gm of diet, is added 
to each ration at the time of feeding 

Caloric intake during protein depletion 

Careful records were kept of the daily amounts of food 
consumed by the rabbits. The caloric value of the low protein 
diet is given in table 1 ; the caloric value of 100 gm of carrots 
was estimated at 40 Cal. 

The average caloric intake during the depletion period, as 
calculated per kilogram of body weight per day, is presented 

* See footnote 5, page 301. 

* In our previous diets the vrater-soluble vitamins vrere added, with the Kavitol, 
on. top of the ration. By adding these vitamins directly to the diet during its 
preparation, a better distribution is assured. 
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in table 2. This table also shows tbe •weight losses suffered dur- 
ing this period, tbe average length of -which Avas 98 days. Dur- 
ing this time the rabbits consumed, on the average, 75 gm of 
diet and 135 gm of carrots per animal per day. 

TABLE 1 

Low 'protein diet ^ 

IlfGEEDIENTS DIET COMPOSITION 



anx ^0 

gm 

Dextrose 

19.50 

390 

Dextrin 

19.50 

390 

Cornstarch 

42.16 

843 

Crisco 

3.69 

74 

Cellu flour 

7.3S 

148 

Wesson salts 

4.61 

92 

Agar 

3.16 

63 

Total of dry ingredients 

100.00 

2,000 

Water-plus-vitamin solution 


2,800 

Total 


4,800 


^ One hundred grams of this diet contained 70 Cal. and 0.054 gm of nitrogen 
by micro Kjeldahl analysis. 


Average caloric intake per Tcilogranx hody loeight and weights 
during the depletion and repletion periods 


DEPLETION 


Ave. Cal. 
intake 
per kg 
body weight 


depletion 
Weight A 


Ave. Cal. 
intake 
per kg 
body weight 


Ave. 61,0 


Ave. 82.9 
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Repletion diet and caloric intake during repletion 

Oace this type of purified diet with an agar base was de- 
veloped, it was easy to convert it into a repletion diet simply 
by substituting- 24% casein for an equivalent amount of carbo- 
hydrates. The composition and caloric value of the protein 
repletion diet are given in table 3. This diet was enriched by 
vitamins in the same way as the depletion diet, and was also 
supplemented by carrots. The animals ate it readily, and in 

TABLE 3 


High protein diet ^ 


IXGREDIEXTS 


PIET COMPOSITIOK 


Dextrose 

a^n 

13.61 


272 

Dextrin 

13.61 


272 

Cornstarch 

30.21 


604 

Crisco 

3.53 


71 

Casein ' 

25.15 


503 

Cellu flour 

6.82 


136 

Wesson salts 

4.13 


83 

Agar 

2.94 


59 

Total of dry ingredients 

100.00 


2,000 

Water-plus-vitamin solution 



2,800 

Total 



4,800 


^The calorie value of this diet was 70 Cal* per 100 gm. 

* Borden's vitamin-free Labco casein was used throughout the experiment. 
Average protein content: 82 %* 


experiments since conducted at our laboratories we have bad 
little difficulty in feeding- this 24% casein diet to rabbits even 
after they have been for many months on a commercial stock 
diet. 

The average length of the repletion period was 37 days. 
During this time the rabbits consumed, on the average, 150 gm 
of diet and 100 gm of carrots per rabbit per day. The average 
caloric intake per kilogram of body weight per day was 82.9 
Cal, as compared with 61.5 Cal during the depletion period 
(table 4). 
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Thi'ee of tlie rabbits were kept for an additional period 
of 47 days on the 24% casein diet plus carrots. Their food 
and caloric intake ran close to the data reported above. Dur- 
ing’ this additional 47-day period tbe animals consumed, on the 

TABLE 4 


Hie effects of diets 07 i aniihodi/ response curve areas 


BABBIT NO. 

AT THE END 

OF DEPLETION 

AT THE END 
OP REPLETION 

41 

Animals on depletion and repletion 

GROUP I 

1,099.5 

2,363.0 

42 

114.5 

726.5 

44 

87.0 

360.5 

45 

131.5 

466.0 

47 

498.0 

1,859.0 

60 

GROUP II 

389.5 

1,4645 

61 

186.0 

872.0 

63 

891.0 

2,530.0 

65 

824.5 

2,398.5 


Ave. 469.1 

Are. 1 , -448.9 

70 

Increase due to high protein diet 

Animals on commercial diet 

296.5 

276.0 

71 

1,286.5 

1,890.0 

72 

184.5 

308.0 

73 

458.5 

649.0 

74 

244.0 

84.5 


Ave. 494.0 

Ave. 641.5 


Increase due to multiple injection series 

30.0^0 


average, 150 gm of diet and 115 g-ni of carrots per * 
per day and the average calorie intake was S9.4 Cal. 
animals gained weight steadily during this period and seeme 
to be in a good nutritional state when the experiment vas 
discontinued. 
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These data seem to point to the 70 to 80 Cal. requirement 
of the rabbit per kilogram of body weight per day, which is 
in close agreement with the requirements already established 
for the dog and the rat. 

RESULTS 

Effects of protein depletion and repletion upon 
serum protein and hematological values 

These values were measured every three weeks during the 
experimental period. As a general rule the concentration 
of serum proteins decreased as depletion progressed, though 
this was not as marked in some animals as in others. Hemato- 
crit and hemoglobin values, however, had fallen to a gi’eater 
degree in all the animals by the end of the depletion period. 
After 5 weeks’ repletion the serum protein levels were higher 
than at the start of the experiment; hematocrit values weie 
also higher in most cases, but hemoglobin values were still 
below those orginally recorded in all but two cases. A 24% 
casein diet does not seem to be adequate for hemoglobin re- 
generation in rabbits over such a short repletion period. 


Antibody response in depleted and repleted rabbits 

Figure 1 and table 4 show the effects of protein depletion 
and repletion on antibody production when beef serum was 
used as an antigen. One surprising result was observed with 
the animals depleted in proteins for a period of 98 days; 
even after this long depletion period some of the rabbits still 
produced very good antibodies (fig. 1-A). In fact, the curve 
areas representing the turbidities of the antigen antibody 
reactions are gTeater in some cases than those for the animals 
fed the usual commercial diet. When the depleted animals 
were repleted with the 24% casein diet plus carrots for a 
period of 5 weeks, the antibody response markedly increased 
(fig. 1-B). The differences in the curve areas obtained under 
similar experimental conditions show the wide variation of 
individual response that may be found in rabbits. 
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ANTIGEN DILUTION ANTIGEN DILUTION 

Fig. l‘A Autigeii-aiitibody precipitation curves obtained with 4 protein depleted 
rabbits with vitamin supplements added to the diet (group II). 

Fig. 1-B. Antigen-antibody precipitation curves obtained with 4 rabbits 
pleted on a 24% casein diet for 37 days after a 97-day period of protein 


pletiou (group II). 

Fig. 1-C Antigen-antibody precipitation curves obtained with 5 rab i 3 
a commercial diet, after a single injection series with beef serum. ^ 

Fig. 1-D Antigen-antibody precipitation curves obtained with 5 rabbits 
commercial diet following a second series of injections with beef 
yote: Antigen dilution values represent the amount of protein in the an i^^^ 
The original dilution, marked ‘^1^^ on the dilution scale in all figures, 
part of protein to 62.5 parts of saline. Turbidity is a measure of tie 
antibody reactions in terms of the galvanometric scale of the 
The numbers on the curves identify individual rabbits used in the expe^ 
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It is generally agreed that a double injection series produces 
more antibodies than a single series; athough this is not 
always the case, as is shown with respect to two of the rabbits 
fed a conunercial diet. To see to what extent a double series 
of injections was responsible for the increase in antibodies, 

5 rabbits fed a commercial diet were injected in the same 
manner and over the same period of time as the experimental 
animals. The increase due to the multiple injections series was 
30.0% (fig. 1-C, 1-D), whereas the increase due to the high 
protein diet was 209.0% (table -4) . Thus the diet was primarily 
responsible for the enhanced antibody production. 

As was previously stated, all diet factors must be taken 
into consideration in depletion and repletion studies where 
antibody production is being measured. In our preliminary 
experiments the diet was deficient in vitamins as well as in 
proteins, and ■with the group of rabbits fed this diet our poor- 
est antibody response was obtained. With the animals in groups 
I and H (table 4) whose diet was fortified Avith what might 
be considered the essential vitamins, the antibody response 
was much greater, indicating the important role of vitamins 
in antibody production. Stoerk and Eisen ( ’46) and Axelrod 
et al. (’47) have sho-wn that a deficiency of pyridoxine and 
other vitamins in the diet markedly decreases the amount of 
circulating antibodies. 

The value for antibody production of an adequate protein 
intake, which is here demonstrated, has been stressed before 
(Cannon et ah, ’43; Clausen, ’34). It would seem, however, 
that if all other dietary constituents except protein are ade- 
quate, the rabbit is stiU able to produce good antibodies, as 
is sho'wn in figure 1-A. 

These results seem to indicate that a high-protein diet 
fortified with other essential constituents may be of great 
Practical importance in the production of hyperimmune sera. 
Further studies on the relation of diet to antibody produc- 
tion are under way. 
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SUMMABY 

1. Antibody response in protein depleted and repleted rab- 
bits to beef serum as antigen was quantitatively studied by 
means of the precipitin reaction. 

2. Turbidity measurements of the j)recipitius formed 
over the whole reaction ranged were carried out on the Libby 
photronreflectometer. 

3. The injection technique used for antibody production 
consisted of a presensitizing dosage of 1 ml of antigen given 
intravenously and followed by a regular series of 4 subcu- 
taneous injections of the same amount of antigen on alternate 
days, three to 4 weeks later. 

4. A new type of semi-pui’ified diet in an agar base was 
developed that would carry rabbits through the depletion 
and I'epletion periods. This diet was supplemented by carrots 
throughout the experiments. 

5. The average caloric intake of the rabbit was determined 
during the course of the experiments. 

6. Antibody response is higher in repleted than in de- 
pleted animals. It is only slightly higher in rabbits fed a 
commercial diet than in the protein depleted animals. 

7. A high protein diet supplemented by other essential die- 
tary factors is valuable for the production of hyperimmune 
sera in rabbits. 

LITERATUBE CITED 

Allison, J. B., and J. A. Anderson 1945 The relation between absorbed 
nitrogen, nitrogen balance and biological value of proteins in a u 
dogs. J. Nutrition, 29: 413. 

Axelrod, A. E., B. B. Carter, B. H. McCoy and B. Geisinger 10^7 Or- 
cnlating antibodies in vitamin deficiency states. I. Pyridoxiue, n ^ 
flavin and pantothenic acid deficiencies. Proc. Soc. Exp. Biol, a e 
66: 137. 

Boyden, a., E. B. Boltox A551> D. Gemeroy 1947 Precipitin testing, with 
reference to the photoelectric meaaurment of turbidity. J* 

211 . 

Boyden, a., and B. BeFalco 1943 Bnport on the use of the photronreflectom 
eter in serological comparisons. Physiol. Zool., Id: 229. . -a? 

Cannon, P. B. 1942 Antibodies and the protein-reserves. J. Ininiun., ^ 



Z^KOTKIX KOLK IX AXTUIODY HKSPOXSK 


311 


CVNKON', P. p., W. E. CiiASK AND P. W. WiSbMJi 1943 Tlic reliitionship 
of the protciu-robervcis to antibody production. I. The effects of 
u low-protoin diet and of plasmapheresis upon the formation of 
agglutinins. Ibid., i7 : 133. 

Cl-IUsex, S. IV. 1U34 The inilucnce of nutrition upon resistance to infection. 
Physiol. Pev., 14: 309. 

Feetjxd, J. 1930 The inliuence of age upon antibody production, J. Immun., 
IS: 315. 

1931 Peactiou of young and adult rabbits to pneumococci injected 
into the skin. J. Exp. Med., 51: 171. 

Pibby, R. l. 1938 The pUotronrellcctometer — an instrument for the measure- 
iiieut of turbid systems. J, Immun., 34: 71. 

SxoE&K, H. C., H, X. Eisek 1946 Suppression of circulating antibodies 
in pyridoxine deficiency. Proc. Soc. Exp. Biol. Med., Q2: 88. 

AIessok, L. G. 1932 A modification of the Osborne-Mendel salt mixture 
containing only inorganic constituents. Science, 75: 339-340. 

^\issLER, P. AV. 1947 The effects of protein depletion and subsequent immu- 
nization upon the response of animals to pneumococcal infection. I. Ex- 
periments with rabbits. J. Inf. Dis., 80: 250. 




EROSION OF I!^IOLAR TEETH BY 
ACID BEVERAGES 


C. M, McCAY AXD LOIS WILL 

Animal Yulrilioii Xaborotori/, Cornell Cntver^ily, Ithaca^ Aeu^ Yorh 
(Received for publication June 24, 1949) 


The erosion of the teeth by acids contained in such food- 
stuffs as lemon juice has long been recognized (Picker ill, 12). 
McClelland found he could decalcify teeth if they were left in 
a solution at a pH of 4.5 for 12 hours (McClelland, ’26). In 
regard to more acid media he stated, “Certainly the pi’esence 
of a reaction of 3.5 and below, even if existing for oirly a few 
minutes, is a potential source of damage to the teeth.” 

The great increase in the consumption of cola beverages 
having a pH of 2.6 during the past 30 years has renewed 
interest in the effect of acids upon teeth. McClure ( ’43) in the 
case of rats and Stafne and Lovestedt in the case of man 
(’47) have called attention to the erosioir of both the enamel 
and dentine by such acid beverages. 

M’ynn and Haldi ( ’48) have produced erosion of the enamel 
of the teeth of rats fed fruit juices that had only about one- 
tenth the hydrogen ion concentration of cola beverages. Their 
animals were fed the juices for long periods of 100 to 200 
days. If the amounts they fed were related to the body 
weight of a man, their studies were equivalent to having a 
man ingest one-half to one ton of fruit juice during a period 
of 200 days. 

^ These studies ^^e^e made under a grant from the Office of Xaval Research, 
Contract !X6ori-91, Task Order 6 (XR 182-077). Special assistance was given by 
Comdr. C. A, Schlack (D.C.) and his staff at X.M.R.I. 

^Substantial technical assistance was rendered by Mrs. Audrey M. Ackerman 
and Janet S. Ricker. 
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In an earlier report (Gortner, MeCay, Eestarski and 
Schlack, ’46) the effect of oxalate in preventing the acid 
erosion of teeth was described. Many other factors, such as 
the buffering capacity of the saliva, may serve to help prevent 
this erosion. Smith ( ’46) has found that even emotional con- 
ditions may play a part in the control of acid erosion by 
influencing the volume and composition of saliva. 

The present study covers a series of experiments on acid 
erosion and its prevention. Rats were used, and the same 
techniques descidbed earlier (Gortner et ah, ’46) of auto- 
claving and scoring teeth (Eestarski, Gortner and McCay, 
’45), were employed.® A question has been raised concerning 
the suitability of the rat for the study of tooth erosion, since 
this animal may drink in a manner different from that ot 
man. However, some earlier studies were made with monkeys 
and dogs (Bieri, McCay, Eestarski and Gortner, ’46) and 
erosion was similar in these species to that found in the rat. 
Monkeys are known to drink like man and have been taught 
to drink from a cup. 

RESULTS AND DISCUSSION 
Minimum detectable erosion 

The degree of acid erosion is the result of several factois, 
namely, the hydrogen ion concentration of the solution, the 
titratable acidity, the buffer action within the mouth, and the 
type of anion. 

Since the national consumption of soft drinks is now clahne 
to have a retail value in excess of $700,000,000, a seiies o 
such drinks were analyzed at the Naval Medical Eeseaic 
Institute, but the analyses were not published. The co a 
beverages were found to be among the most acid and 
tain 10% surcrose and 0.055% phosphoric acid with a P" 
2.6. In our earlier comparative tests it was found that m 
degree of erosion of the molars was identical in experimen a 

’ The stock diet used in all these studies was the open formula dog fe^'^ 
by the Grange League Federation, Canandaigua, New York. 
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auinials given cola beverages from dispensing macbines and 
in those given a solution of phosphoric acid (0.055%) and 
sucrose (10%) made with distilled water. In order to deter- 
mine the minimum amount of this acid solution that would 
erode the teeth of rats, varying amounts were fed and the 
animals were killed at intervals starting after the first day. 
Conti’ol rats were given distilled water instead of the acid 
beverage. 

Detectable erosion was produced when a rat had consumed 
lOnal of the acid during 2-1 hours, or 5 ml daily for two days. 
A few organic acids in a 10% sucrose solution were similarly 
tested. Erosion could be detected after three daily feedings 
of 3 ml of 0.23% tartaric acid. Similarly, the effects of a 
single daily ingestion of two, three or 5 ml of 0.58% citric 
acid could be observed. Rats often refused to drink 4% 
solutions of acetic acid, even if the solution contained 20% 
sucrose. In a few eases, however, erosion Avas found after 
the ingestion of 35 ml of such solutions. 

BroAvn deposits on both sides of all molars were observed 

5 rats of the 17 that were used in the acetic acid studies. 
These brown deposits have been observed in the course of 
various experiments. It is believed that they are due to 
something in the mineral mixtures fed the animals, but their 
exact cause is still unknown. 

The effects of long-contimied ingestion 
of acid beverages 

In order to compare the effects of long-continued ingestion 
of phosphoric acid, in the concentration used in cola beverages, 
Avith those of natural juices, 4 groups of rats were selected at 
an age of 50 to 60 days. Each rat was fed a daily allowance 
of 10 ml of the substance being tested. One group of rats 
received orange juice, one tomato juice, one phosphoric acid- 
sucrose in the concentrations used in cola beverages, and one 
distilled water. Rats Avere killed at the end of 6 weeks, 4 
months and 6 months. 
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At the end of 6 weeks no erosion conld be detected in the 
teeth of the animals given distilled water or tomato juice. 
Some erosion was found in the rats fed orange juice, and the 
most extensive erosion was found in those fed phosphoric 
acid. At the end of 4 months the erosion was more marked 
in those given orange juice or phosphoric acid, with some 
etching of the molars in those fed tomato juice. After 6 
months the erosion produced by the phosphoric acid solution 
was so severe that it could not be graded in the usual mannei*. 
The tops of the molars were only slightly above the gum line. 

In all cases erosion by tomato juice was the least, with 
phosphoric acid exerting the greatest effect upon the teeth. 

Rate of erosion of teeth in phosphoric acid solutions 

In order to have an approximate value for the rate of 
erosion of human teeth in phosphoric acid — sugar solutions 
similar in composition to cola beverages, two series of trials 
Avere made by immersing extracted human teeth in (a) solu- 
tions containing 0.055% phosphoric acid and 10% sucrose, and 
(b) a cola beverage purchased from a dispensing machine in 
the local market. The roots of the teeth were first coated up to 
the gum line Avith paraffin. 

The teeth Avere then placed in fiasks containing 50 ml o 
either phosphoric acid solution or cola bcAmrage. The solu- 
tions Avere analyzed for calcium after definite time intervals. 
The flasks Avere not shaken. 

The data are summarized in table 1. Although they mig 
seem to indicate a greater rate of erosion in the cola beverage, 
this is probably not significant due to A'^ariability among ex 
tracted teeth and the difficulty of selecting matched specimens. 

The buffer capacity of the mouth 

Numerous studies, such as those of Pickerill (’12)> 
been made of the titratable acidity of saliva after sthnula ion 
by various foods. Also, in recent years many reports ^ ave 
been made of the pH of saliva under various cone itions. 
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Little attention, lio\Yevei', bas been paid to tbe hydrogen ion 
concentration of tbe inoutb after stimulation by acid bever- 
ages. Since two important factors in tbe erosion of teeth are 
pH and titratable acidity, it seemed worthwhile to measure 
the buffer action of tbe mouth. 

A simple test was devised for this purpose. A solution 
similar to cola beverages in its content of acid and sugar was 
prepared with 10% sucrose and 0.055% H3PO1. Varying 
amounts of this solution were tested and 10 ml were found the 
most satisfactory to hold and agitate in the mouth for a half 

TABLE 1 

Hate of solution of calcium from human teeth immersed 
in phosphoric acid or cola heverage 


MEAX WT. TOOTH DISSOLVED 


TIME TK 
SOLmOX 

0 0559o 
H 3 PO 4 

Cola 

0.055 

H 3 PO* 

Cola 

hours 

gm 

gin 

vxg Cafgm tooth 

3 

1.20 

1.35 

1.3 

1.4 

6 

1.47 

1.24 

1.9 

2.5 

9 

1.01 

1.23 

2.7 

4.4 

12 

0.88 

0.98 

6.0 

4.2 

24 

1.34 

0.68 

3.9 

6.3 

72 

1.18 

0.60 

5.3 

11.7 

120 

1.42 

1.42 

5.5 

5.6 

188 

1.57 

0.91 

6.0 

9.0 

336 

1.55 

0.67 

6.7 

14.6 


minute. After this mixture of solution and saliva was re- 
turned to a beaker, the pH was determined by using the 
glass electrode and Bogen’s Universal Indicator. Both 
methods proved satisfactoiy. 

This test has been made on several hundred individuals 
and repeated frequently, under varying conditions, on a se- 
lect^ed group. The range of pH values found varies from 2.8 
|o 5.6. Among a group of 32 young naval officers, composed 
mlf of women and half of men, the mean value for the men 
■'vas 4.2 and for the women 3.7. Among a group of 20 graduate 
s udents composed of 8 women and 12 men the mean values 
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were 3-8 for the women and 4.4 for the men. Many tests have 
indicated this modest difference between the sexes. It is not 
1 elated to height or body weight. 

This buffer power of the mouth in the presence of acid 
beverages remains quite constant throughout the day. The 
results of studies made in relation to time of eating are 
summarized in table 2. 

Teeth are usually considered subject to erosion if the pH 
0 e mouth is lower than 3.5. Since the mouth in some cases 
cannot^ buffer an acid beverage to this extent even after a 
half minute and with a modest amount of acid, it would seem 
possible that some individuals have conditions in their mouths 
which would lead readily to acid erosion, 

Oui laboratory has made no study of the teeth of heavy 
consumers of acid beverages. However, in the course of 
testing the butfering capacity of the mouth it has proved very 
ifficult ^ to continue studies upon the same individuals if 
testing is on consecutive days. After a few days the subjects 
^ evelop such sensitive teeth that they have difficulty in chew- 
ing food,^ and hence dislike to continue as members of the 
group being studied. 

The oxalate film 

Since Restarski (Gortner et ah, ’46) first observed an oxa- 
ate film on the teeth of rats whose diet contained small 
amounts of sodium oxalate, many questions have been raised 
concerning the formation and permanency of this coating*. 
Seven experiments were run, employing 204 young rats, to 
deteimine the effect of feeding various levels of sodium oxa- 
late, mixed with the diet or dissolved in an acid beverage. 

When rats were fed a finely ground meal containing 0.2 or 
0.3% sodium oxalate as a fine powder for 14 days and then 
allowed to drink 20 ml of cola beverage, there was partial 
piotection inasmuch as islands of enamel remained without 
the usual etching down to the gum line. However, erosion 
was maiked around these coated areas where the deposit had 
formed. 
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In order to study the deposition of the film, a meal diet 
was mixed to contain 10 mg of sodium oxalate per 10 gm of 
dry feed. Tins allowance \Yas fed daily to each rat in a group 
for a period of 13 days. Individuals were killed starting after 
the first day, which allo\smd the ingestion of at least 10 mg 
of sodium oxalate. 

In a few^ cases thin patches were observed after this first 
day. After two days and the ingestion of 20 mg of oxalate, 

T.VBLE 2 


The buffer capacitij of the mouth before and after eating 
(pH after holding acid beverage ia mouf/i for 30 sec.) 


SUBJECT 


P 

it 

D 

G 

L 

it 

S 




Women graduate students 



1/2 hr. before breakfast 


3.9 

2.9 

3.0 

4.4 

3.4 

3.3 

3.0 

1/2 hr, after breakfast 


3.7 

2.9 

3.1 

5.3 

4.5 

3.5 

5.9 

1/2 hr. before lunch 


3.9 

3.0 

3.1 

4.9 

4.3 

4.7 

3.6 

1/2 hr. after lunch 


3.7 

3.1 

3.6 

4.8 

3.4 

4.4 

3.1 

1/2 hr. before supper 


3.2 

2.9 

3.8 

4.8 

5.1 

3.4 

3.1 

1/2 hr. after supper 


3.5 

2.8 

3.7 

5.3 

3.7 

3.7 

3.4 

Before retiring 


4.0 

2.9 

3.5 

3.9 

lost 

4.8 

3.3 


1, 

T 

K 

Th 

it 

E 

Lo 

H 





Men graduate 

students 



1/2 hr. before breakfast 

4.9 

3.0 

4.8 

3.2 

5.3 

3.0 

3.9 

4.7 

1/2 hr. after breakfast 

5.0 

3.1 

5.4 

3.2 

5.3 

4.9 

3.6 

5.0 

1/2 hr, before lunch 

4.6 

3.5 

5.2 

3.2 

5.7 

4.4 

4.4 

4.6 

1/2 hr. after lunch 

4.6 

3.6 

4.8 

3.5 

5.6 

4.6 

4.5 

5.5 

1/2 hr. before supper 

4.9 

3.4 

4.4 

3.5 

5.8 

4.7 

4.5 

5.2 

1/2 hr. after supper 

4-9 

3.9 

5.4 

3.2 

5.8 

4.9 

4.6 

5.1 

Before retiring 

4.8 

3.8 

5.6 

3.1 

5.6 

4.0 

3.8 

4.6 


all rats showed deposits. Large patches of deposit were 
found on the teeth of the animals that had consumed 130 mg 
of oxalate during a period of 13 days. These deposits were 
usually much more marked on the upper molars than on the 
lower ones. 

Various trials were made to determine if sodium oxalate 
dissolved in drinking water would produce a film that might 
afford protection at a later date against acid be%mrages. Fif- 
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teen milligrams of sodium oxalate consumed daily for 25 days 
afforded no protection when rats were subsequently given 
15 ml of cola beverage daily for 4 to 7 days. Even the feeding 
of 10 ml of 0.1% sodium oxalate dissolved in a 10% sucrose 
solution in the morning, followed by a cola beverage solution 
5 hours later in the afternoon, afforded little protection 
against acid erosion. 

No method was discovered of using oxalate to prevent acid 
erosion which proved superior to that described in an eai lei 
report (Gortner et ah, ’46). Earlier experiments were re- 
peated by scoring the teeth of rats given 10 ml of a cola 
beverage daily for 28 days. Nine rats received this beverage 
in this amount daily, while another comparable 9 weie 
the beverage containing 0.1% of sodium oxalate. The 
total erosion score was 16 for the rats receiving oxa a 
pared with 46 for the animals given the acid beverage witbo 
oxalate ; these scores indicate the degree of erosion. 

Rhubarb and lemon juice 

Since rhubarb juice has long been used as a ^ x 

since it affords a natural source of oxalate that wi . i 

the acid erosion of lemon juice when the two aie com > 
trials were run to determine the useful combinations. 
barb juice was extracted and canned after the s a ® , 

steamed in a pressure cooker. The leaves of • e i 
were not included, although they are known to e i 
oxalic acid. All solutions tested were sweetened y i 

ence of 20% sucrose. _ ip; 1 of tbe 

The test consisted of allowing individual ® 

combined juices daily for 14 days. After this t e la 
killed and the teeth scored in the usual mannei. 
tested were rhubarb : lemon, 1:1, 1:4, and 1:9. , • . 1 

The results of these tests indicated that t ® 
afforded almost complete protection at the base o « j.(]ecl 
but allowed some erosion at the tips. The other ratios ^ 
no protection. No studies were made to determine 
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this protective effect of rhubarb juice was due solely to its 
couteut of oxalate. 

If these combinations of juices were diluted as would be 
done for human consumption, the ratio of the rhubarb juice 
had to be increased. 

PJiytate and stearates as protective agents 

Since both phytic and stearic acids form insoluble calcium 
compounds, it seemed possible that these might provide pro- 
tective films on teeth. Calcium phytate, to make a solution 
of 0.03%, was dissolved in a phosphoric acid-sucrose solution 
similar to a cola beverage. Two groups of rats containing 5 
animals each were fed this solution in the amount of 20 ml 
per day for 8 and 14 days, respectively. At the end of these 
periods the rats were killed and the erosion of their teeth 
compared with that of animals fed the solution without the 
phytate. iSTo evidence wms found of protective action by the 
phytate. 

Calcium phytate was also fed mixed with a meal so that 
each rat consumed 20 mg daily for 14 days. These rats were 
allowed to drink 20 ml of cola beverage on the 15th day. 
Controls not given the phytate but drinking the same amount 
of acid beverage were used. No evidence was found of film 
formation or protection by phytate under these conditions. 

Stearic acid was tested using 8 groups of 5 rats each. The 
acid was mixed into the meal diet for 6 of these groups at 
the following levels: 50, 100, 200, 400, 800, and 1,600 mg%. 
Two groups were used for purposes of comparison; one was 
fed the basal diet alone and the other the basal diet mixed 
with 50mg% of sodium oxalate. 

Each rat was allowed 20 ml daily for two weeks of the 
usual phosphoric acid-sucrose solution. Examination of the 
teeth of these animals at the end of this period revealed the 
usual deposit from the sodium oxalate but no film nor pro- 
tection in any rat fed the different levels of stearic acid. 
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These exploratory studies afford no evidence that either 
phytic or stearic acid will develop protective films against 
acid erosion. 

The feeding of sodium oxalate to beef steers 

In the hope of getting enough of the deposit that forms on 
the teeth of animals fed sodium oxalate for analysis, the 
powdered oxalate was fed to 4 beef steers being fattened for 
slaughter. Each was fed 7 gm daily of powdei’ed sodium 
oxalate mixed %vith the concentrate. This was continued for 
one month. After this period the steers were slaughtered and 
the jaws removed. 

No evidence of any deposit was found, indicating either that 
conditions in the mouth prevented deposition or that some 
action such as rumination removed the deposit. 

Toxicity of sodium oxalate to dogs 

Although the early literature (Kobert and Kussner, 1879) 
gave substantial attention to the toxicity of oxalic acid, mod- 
ern research has devoted scant consideration to the subject. 
In the studies of Hammersten (^37), dietary oxalate seemed 
to play a minor role in the production of oxalate stones in 
rats. Other dietary factors such as magnesium and the fat 
soluble vitamins appeared to be more important. 

In order to determine whether injury could be detected after 
feeding oxalate to animals daily for a substantial period, a 
study covering 15 months was begun. Five young, adult mon- 
grel dogs weighing 26 to 36 lb. were fed 100 mg of powdered 
oxalate daily, mixed with the stock diet. Post mortem exami- 
nation yielded no evidence of stone formation or pathologi- 
cal changes. These dogs were maintained on the same complete 
stock diet which was fed to the rats in the erosion studies. 

STJXIMAEY 

In the case of the rat, erosion of the molar teeth can be de- 
tected after the consumption of 10 ml of acid solutions of the 
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same strength used in eola beverages. A comparative test of 
acid erosion during a period of 6 months indicated that to- 
mato juice had the least effect and 0.055% phosphoric acid 
the most. Rat teeth subjected to phosphoric acid for this pe- 
riod were eroded nearly to the gum line and erosion was too 
severe for scoring in the conventional manner. 

Human teeth suspended in cola beverage or its equivalent 
in sucrose-phosphoric acid gradually lose calcium in the course 
of two weeks. 

The buffer capacity of the human mouth against cola bev- 
erages differs widely but is fairly consistent for a given in- 
dividual. Even after a half minute’s exposure some mouths 
cannot buffer the solution to a pH higher than 3.5, which is 
considered marginal for erosion. 

A series of tests indicates that sodium oxalate ingested with 
food deposits patches on the teeth but is not as effective in 
the prevention of erosion as oxabc acid dissolved in an acid 
beverage. Rhubarb juice combined with equal parts of lemon 
juice protects the teeth against erosion. 

Neither steaiuc nor phytic acids prevented erosion by acid 
beverages. 

Oxalate patches could not he deposited on the teeth of steers 
during a period of one month’s feeding of sodium oxalate. 

No evidence of injury or stone formation was found after 
feeding adult dogs 100 mg of sodium oxalate daily for 15 
months. 
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The marked improvement which proper heat treatment ex- 
erts on the nutritive value of soybean protein has been ob- 
served by numerous investigators, including Osborne and 
Mendel (’17) ; Hayward, Steenbock and Bohstedt (’36) ; Wil- 
gus, Norris and Heuser ( ’36) ; Fritz, Kramke and Eeed ( ’47) ; 
Klose, Hill and Fevold ( ’48) ; Borchers, Ackerson and Mus- 
sehl (’48a), and others. It has been further established that 
the supplementation of raw soybean meal with methionine 
is an effective means of largely eliminating the marked dis- 
crepancy in nutritive value between raw and properly heated 
soybean meal (Hayward and Hafner, ’41 ; Evans and McOin- 

‘This investigation, undertaken in partial fulfillment of the requirements for 
the degree of Doctor of Philosophy at the University of Southern California hy 
one of the present authors, was conducted at the Quartermaster Food and Container 
Institute for the Armed Forces, Chicago, Illinois. 
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* This paper reports research undertaken in cooperation with the Quartermaster 
Pood and Container Institute for the Armed Forces, and has been assigned number 
264 in the series of papers approved for publication. The views or conclusions 
contained in this report are those of the authors. They are not to be construed 
as necessarily reflecting the vic^^s or indorsement of the Department of the Army. 
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nis, ’46; Gerry, Carriek and Hauge, ’48). The effectiveness 
of supplemental methionine in this respect has been generally 
attributed to the increased availability of the sulfur-contain- 
ing amino acids in the heated soybean protein. Johnson, Par- 
sons and Steenbock (’39) demonstrated in the rat that this 
difference in the availability of the sulfur-containing amino 
acids between raw and heat-processed soybean meals could 
not be explained by any difference in the amount of sulfur 
absorbed from the intestine. Based on their own observation 
that the effect of heat on soybean protein was to increase the 
rate of release of methionine to a greater extent than that of 
leucine and lysine, Melnick, Oser and Weiss (’46) have sug- 
gested that, in the case of raw soybean, methionine is released 
too slowly in the intestinal tract to be available for simul- 
taneous utilization with the other essential amino acids. 

Attention has recently been directed to the presence of one 
or more antitryptic factors in unheated soybean meal (Bow- 
man, ’44, ’46, ’48; Ham and Sandstedt, ’44; Kunitz, ’46, ’47) 
and to the deleterious effect of trypsin inhibitor preparations 
on the growth of experimental animals (Ham, Sandstedt and 
Mussehl, ’45 ; Klose, Hill, and Fevold, ’46a ; Borchers, Acker- 
son, and Mussehl, ’48b). Westfall and Hauge (’48) were able 
to correlate the improvement in the nutritive value of soy- 
bean protein effected by heat treatment with destruction of 
trypsin inhibitor potency. Although these lines of investiga- 
tion suggest that the poor growth-promoting value of raw 
soybean meal is due to an inhibition of proteolytic digestion 
in the intestine, affecting the enzymatic release of methionine, 
recently reported experiments by Desikachar and Be (’47), 
Klose, Greaves and Fevold (’48), and Westfall, Bosshaidt 
and Barnes (’48) have demonstrated the growth-depiessiiio 
effect of active antitryptic preparations even when iiicoipe 
rated into diets containing pre-digested protein. 

The present investigation was undertaken in an attempt o 
clarify the mechanism of this anomalous behavior of the soy 
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bean trypsin inhibitor, especially in relation to the well-known 
effectiveness of methionine as a supplement to raAV soybean 
meal. 

EXPERIMENTAL 

A trypsin inhibitor concentrate was prepared from solvent- 
extracted soybean flour ^ according to the procedure of Klose, 
Hill and Fevold (’46a). The antitryptic activity of this prepa- 
ration was found to he approximately one-third that of the 
crystalline soybean trypsin inhibitor.^ 

The soybean hydrolysate was prepared by autoclaving sol- 
vent-extracted soybean flour with 4 parts of 9 N sulfuric acid 
at 15 lb. pressure for 18 hours. The sulfuric acid was removed 
with barium hydroxide to pH 4.2, and the resultant filtrate 
was concentrated in vacuo and lyophilized. 

The autoclaved soybean meal used in this study was ob- 
tained by subjecting the solvent-extracted soybean flour to 
15 lb. pressure for 20 min. (115° C.) while spread in the bot- 
tom of an enameled pan to a depth of about one inch. The 
autoclaved material was finely comminuted before being 
mixed into the appropriate diet. 

The composition of the 4 basal diets employed in this study 
is presented in table 1. A protein level of 12% (N X 6.25) was 
chosen for the diets containing soybean protein because it has 
been shown that this level gives the maximum utilization of 
nitrogen for growth (Barnes, Maack, Knights and Burr, ’45 ; 
Westfall and Hauge, ’48). In the case of the hydrolysate, 
DL-tryptophan and L-cystine were added to compensate for 
possible losses incurred during acid hydrolysis ; the amounts 
of each required to restore the original level of these amino 
acids in the unhydrolyzed protein were added. Also included 
m this study were diets containing casein provided at a level 
of 18% protein. The trypsin inhibitor preparation and dl- 
niethionine, when used as adjuncts to the basal diets, were 
added without an equivalent deduction in protein in order 

‘Nutrisoy XXX, ArcUer-Daniels-Midland, Minneapolis, Xlinn. 

Generously provided by Dr. M. Kunitz, The Rockefeller Institute for Medical 
Research, Princeton, Xew Jersey. 
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to eliminate the possibility that any inhibiting effect would 
be even partly due to a lowered concentration of available 
amino acids in the diet. 

Fifteen groups of 7 weanling male rats each (Sprague- 
Dawley) were placed on the various experimental diets wbeu 


TABLE 1 

Composition of basal diets used to demonstrate the effect of supplemental 
methionine in the presence of the soybean trypsin inhibitor 


DIET NUMBER 


INGREDIENT 

A 

B 

c 

D 


% 

% 

% 

^0 

Basic mix ^ 

20.00 

20.00 

20.00 

20.00 

Nutrisoy XXX - 

23.40 




Autoclaved Nutrisoy XXX “ 


23.85 



Soybean hydrolysate* 



18.25 


L-cystine ® 



0.25 


DL-tryptophan ® 



0.15 

20.25 

Casein, vitamin-free ’ 





Corn starch 

56.60 

56.15 

61.35 

59.75 


^Provides the following components per 100 gm diet: Wesson oil, 5.0gnij 
mix, U.S.P. 2, 4.0 gm; sucrose, 9.0 gm; Wilson's 1-20 Uver powder, 0.4^ 
riboflavin, 1.0 mg; thiamine, 0.5 mg; pyridoxine, 0.5 mg; niacin, 2.0 mg, 
pantothenate, 2,5 mg; para-aminobenzoic acid, 25.0 mg; choline, 200 mg; uios 
20.0 mg; 2-methyl-l, 4-naphthoquinone, 1.0 mg; biotin, 0.02 mg; alpha-tocop le , 

2.5 mg; haUver oU, 50 mg. . ^ nn value 

- Solvent-extracted soybean flour*, equivalent to 12% protein base 


of 8.21%. 

® Equivalent to 12% protein based on N value of 8.05%. 

* Equivalent to 11.7% protein based on N value of 10.25%. ^ ^ ^ 

® Equivalent to 0.18% protein and calculated to give a cystine va ue 
gm/16 gm N reported for soybean protein (Block and Mitchell, 46). 

“Equivalent to 0.13% protein and calculated to give a tryptophan ^ 

1.2 gm/16 gm N reported for soybean protein (Block and Mitchell, 

’Equivalent to 18% protein based on N value of 14.21%. 


they weighed 35 to 45 gm. The animals were put in in 
cages provided with wire mesh bottoms. Food and watei w 
provided ad libitum for a peiiod of 16 days, during ' 
time daily records were kept of individual food consunip 
and weight. The spillage of food was minimized by 
ointment jars placed in larger containers so that tue ^ 
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feeding apparatus could bo ^vcigbed togetlicr, thus avoiding 
any loss of the small amounts of food spilled into the outei 
container. As a further precaution, sheets of paper weie 
placed under each cage so that excessive amounts of spilled 
food could always be recovered. 

The protein efficiency ratio (Osborne, Mendel and Feiiy, 
^19), calculated as the grams gain in weight per gram of pro- 
tein consumed, was employed as an index of the growth-pio- 
moting value of the various experimental diets.® These 
results are given in table 2. Apparent differences were evalu- 
ated by the “t’’ test (Snedecor, *46) as is shown in table 3, 
and only those showing a P value of less than 0.01 were con- 
sidered significant. The reliability of protein-efficiency ratios 
determined over relatively short feeding periods has been 
pointed out by Klose, Greaves and Fevold (’48) and by Rus- 
sell, Taylor, Mehrof and Hirsch (’46). 

BESULTS 

It will be noted in table 2 that supplemental methionine im- 
proved the nutritive value of all diets, including those from 
which the trypsin inhibitor had been omitted. Thus any effect 
which supplemental methionine may have in conjunction with 
the trypsin inhibitor is obscured. In order to differentiate 
quantitatively between these two effects, the percentage in- 
crease in protein efficiency (PE) over that of the unsupple- 
uiented diets as a consequence of the addition of methionine 
was calculated. The relative effectiveness of supplemental 
methionine upon the growth-promoting value of the various 
diets could then be judged by the magnitude of the differences 
in percentage units. 

* The authors recognize the limitations of this method of evaluating the nutritive 
value of dietary protein, which Mitchell ( ^44) has criticized on various grounds. 
The work of Barnes, Maack, Knights and Burr (^45), however, would appear to 
justify the use of the maximum PE ratio as a reliable index of the relative growth- 
promoting quality of dietary protein. Since much of the previous work relating 
to growth inhibitors derived from soybean has involved measurement of the gain 
in Weight in relation to protein consumption, choice of this procedure by the 
authors was further governed by the desire to obtain data which would permit 
comparison ^vith reported results in the literature. 
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It becomes apparent that metMonine added to the raw soy- 
bean meal diet (compare groups 1 and 2) or to the autoclaved 
soybean meal diet containing the trypsin inhibitor (compare 
groups 5 and 6 ) was relatively more effective in promoting 
growth than w^hen added to autoclaved soybean meal alone 
(compare groups 3 and 4). In the latter case, its relative in- 


TABLE 2 


The effect of supplemental methionine on the nutritive value of diets containing a 
crude concentrate of the soybean trypsin inhibitor 


GROUP DIET 


1 Raw soybean 

2 Raw soybean 

4" 0.6% metMonine 

3 Autoclaved soybean 

4 Autoclaved soybean 

-f- 0.6% metMonine 

5 Autoclaved soybean 

4“ 1.8% iMiibitor 

6 Autoclaved soybean 

4- 1.8% inhibitor 
0.6% methionine 

7 So.ybean hydrolysate 

8 Soybean hydrolysate 

4“ 0,6% methionine 

9 Soybean hydrolysate 

+1.8% inhibitor 

10 Soybean hydrolysate 

+ 1.8% inhibitor 
4- 0.6% methionine 

11 Soybean hydrolysate 

+ 1.8% autoclaved inhibitor* 

12 18% casein 

13 18% casein + 0.6% methionine 

14 18% casein 4~ 1.8% inhibitor 

15 18% casein 4“ 1.8% inhibitor 

+ 0.6% metMonine 


EITEC' 


AVG. 

FOOD 

COH- 

SUMP- 

TION 

AVG. 

PRO- 

TEIN 

CON' 

SUMP- 

TION 

PROTEIN 
EPFIOIENCY ^ 

TU’ENESS 

or 

supple- 
mental 
METBP 
ONI.VE * 

gm 

107.2 

gjn 

13,6 

1.40 + 0.15 

7o 

146.4 

187.0 

19.2 

23.4 

2.42 ± 0.10 
2.63 ± 0.10 

74.0 

196.1 

27.6 

2.99 ± 0.03 

13.7 

138.5 

19.1 

1.95 ± 0,09 


161.0 

110.9 

23.5 

14.5 

2 63 ± 0.07 
1.77 ± 0.06 

34.8 

98.1 

12.7 

2.07 ± 0.05 

16.9 

103.0 

14.0 

1.54 ± 0.03 


100.0 

14.1 

1.80 ± 0.04 

16.8 

94.5 

176.5 

158.5 
163.3 

12.9 

33.6 

30.6 
33.0 

1.84 ± 0.05 
2.69 ± 0.06 
3.01 + 0.04 
2.32 ± 0.05 

U-O 

]67.4 

34.5 

2.61 ± 0-08 

12-5 


AVG. 

PRO- GAIir 

TEIN ^ IN 

WEIGHT 


% 

gtn 

12.7 

19.1 

13.1 

46.4 

12.5 

61.6 

14.1 

82.6 

13.8 

37.3 

14.6 

61.8 

13.1 

25.7 

13.0 

26.3 

13.6 

21.6 

14.1 

25.4 

13.7 

23.7 

19.0 

90.6 

19.3 

92,3 

20.2 

20.6 

76.7 

90.3 


consumed) determined 


^ N X 6.25. 

* Protein efficiency (grams gain in weight net gram protein errof * 

feeding period of 16 days. The mean of each group' (7 animals) ± the s * 

mean. ^ lomonted with pL-nietliiomi^c, 

® The per cent increase in protein efficiency when diet is suppiememcu 
calculated as follows: 

PE (diet + metMonine) ^ PE (diet — methionine) ^ 

PE (diet — metMonine) 


* Autoclaved at 15 lb. for 20 min. 
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effectiveness cun be adequately’’ explained by the fact that 
iuetliionine is the limiting amino acid of soybean protein even 
when propez’ly heated (Ahnquist, Mecchi, Kratzer and Grau, 
’42). The greater efficacy of methionine with raw soybean or 
autoclaved soybean plus inhibitor suggests that a factor other 
than a deficiency of methionine is involved, which interferes 

TABLE 3 


Statistical evaluation of protein efficiencif ratios hy the 


CBOUP 

number 

COMPAttED WITH OBOUP yUMBEll 



Basal protein: Ra\Y or autoclaved soybean protein 



2 3 4 

5 

6 

1 

5.80 7.05 16.75 

3.46 

7.24 

2 

1.58 5.82 

3.34 

1.88 

3 

3.66 

4.96 

0.08 

4 


11.23 

4.85 

5 



5.65 


Basal protein: Soybean hydrolysate 



8 9 

10 

11 

7 

3.56 6.48 

1.26 

0.78 

8 

12.65 

6.18 

3.29 

9 


4.06 

7.81 

10 



2.57 


Basal protein: '*18%” casein 



13 

14 

15 

12 

3.85 

4.15 

0.65 

13 


9.65 

4.05 

14 



2.90 


^Calculated according to Snedecor (’46). Only those values greater than 
3.055 (P < ,01) were considered indicative of significant differences. 


With the availability of methionine for growth. This is not 
the whole explanation, however. If the only effect of the in- 
hibitor were to decrease the availability of methionine, then 
adding an excess of methionine to either soybean (group 2) 
01* to autoclaved soybean plus inhibitor (group 6) should ele- 
vate their PE to the same level as that of methionine-supple- 
uiented autoclaved soybean (group 4). This disparity, which 
persists in spite of the adequacy of methionine, is indicative 


332 


I. E. LIENER, H. J. DEUEL AND H. L. FEVOLD 


of still anotlier factor, not involving the availability of meth- 
ionine, which adversely atfects growth. 

The lower PE values obtained for the diets containing the 
soybean hydrolysate may be attributed to the inferiority of 
hydrolyzed soybean protein to unhydrolyzed protein in re- 
spect to maintenance of a positive N balance which was ob- 
served by Supplee and Clark (’46). In contrast to the results 
observed wdth the intact soybean protein, the improvement in 
the nutritive value of the diet containing soybean hydrolysate 
and inhibitor as a result of supplementation ■with methionine 
(compare groups 9 and 10) was not appreciably different 
from the effect produced by adding methionine to the hydro- 
lysate alone (compare groups 7 and 8). In this instance, 
therefore, the beneficial effect of methionine could be essen- 
tially accounted for by the fact that the hydrolysate was de- 
ficient in this amino acid. The difference in PE between the 
diet containing methionine-supplemented hydrolysate (group 
8) and methionine-supplemented hydrolysate plus inhibitor 
(group 10) is again attributable to a mechanism totally un- 
related to the utilization of methionine for growth. The ad- 
ditional protein furnished by the trypsin inhibitor preparation 
did not significantly affect the PE of the basal diet (compare 
groups 7 and 11). 

It was thought that the incorporation of casein at an 18?^ 
protein level would provide a diet in which the effectiveness 
of methionine in relation to the inhibitor could be studied di- 
rectly, -without the complication of a methionine deficiency. 
The data in table 2, however, show that the 18% casein diet 
could be further supplemented with methionine. Subsequent 
examination of the literature revealed that at least one paper 
has reported the same observation (Mulford and G-riffith, ’42). 
Data relating to the relative effectiveness of supplemental 
methionine are similar to the results obtained -with the soy- 
bean hydrolysate. As in the case of the latter, the effect of 
supplemental methionine on the diets containing casein and 
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the inhibitor (compare groups lA and 15) ’’ was about the 
same as would be expected to result from tbe addition of 
methionine to diets containing casein alone (compare groups 
12 and 13). Consistent with the data obtained with intact and 
hydrolyzed soybean protein is the observation that the diet 
containing 18% casein plus inhibitor (group 15) remained 
nutritionally inferior to a similar diet from which the inhibi- 
tor had been omitted (group 13) even when both diets were 
adequately supplemented ■vsdth methionine (see table 3, last 
column, “t” = 4.05). 

DISCUSSION 

On the basis of the foregoing evidence, it becomes necessary 
to postulate that the mode of action of concentrates of the 
tiypsin inhibitor with respect to growth may involve two 
mechanisms: (A) one which interferes with the availability 
of methionine for growth; and (B) one which exerts a growth- 
depressing effect through a mechanism unrelated to A. When 
the source of H in the diet is intact soybean protein, it ap- 
pears that both mechanisms A and B are responsible for 
growth inhibition ; when the N is contributed by hydrolyzed 
soybean protein, mechanism B is apparently the only causa- 
tive factor involved. Since mechanism A did not come into 
play when the protein had been subjected to complete hydrol- 
ysis, it is probable that this mechanism depends on the anti- 
proteolytic action of the inhibitor. Similarly, mechanism B 
does not depend on an inhibition of proteolysis. Since a crude 
concentrate of the trypsin inhibitor was used in this study, 
it cannot be inferred that mechanisms A and B are necessarily 
caused by the same substances. 

The demonstration by Hayward and Hafner (’41), Alm- 
quist, Mecchi, Kratzer and Grau (’42), and others that tbe 
addition of methionine to raw soybean meal improves growth 
to a greater extent than when it is added to autoclaved soy- 
bean meal has been interpreted to indicate that heating in- 

’ The eiTeetiveness of supplemental methionine in this instance 'was not quite 
signiBcant at the 1 % level. See table 3. 
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creases the availability of methionine from soy protein. The 
data presented here substantiate this view and suggest fui- 
ther that it is the trypsin inhibitor of unheated soybean meal 
which interferes with the availability of methionine foi 
growth. It has, however, never been entirely clear why the 
nutritive value of raw and autoclaved soybean meal shoul 
not be equalized when both are supplemented with an excess 
of methionine. Hayward and Hafner (’41) have suggestec 
that autoclaving soybean meal raises its general plane of nu- 
trition by increasing the availability of other ammo acids as 
well, which might have been the limiting factor foi 
in the ease of the unheated meal even in the presence of a e 
quate amounts of supplemental methionine. The absence o 
other limiting amino acids in raw soybean meal, howevei, as 
been demonstrated by Klose, Hill and Fevold (’46b). Ibese 
workers showed that methionine alone was just as ettec iv 
a supplement to raw soybean meal as all 10 essentia 
acids. It appears quite likely, therefore, that this disciepan 
between raw and autoclaved soybean meal when bot 
supplemented ■svith methionine can be more simp y exp an 
by the hypothesis that the trypsin inhibitor (or some asso 
ated substance) exerts a separate growth-retar ® 
designated herein as mechanism B. This same e ec 
very well account for the ability of active trypsin 
preparations to inhibit the growth of animals leceiviUo 


containing protein hydrolysates. lonrpssed 

Although the crude trypsin inhibitor casein, 

the growth of rats receiving a diet containing 
this inhibition did not appear to involve any intei 
the availability of methionine for growth, as Jucge ^ 
effectiveness of supplemental methionine. If niec am 
therefore, is the only factor responsible for the a veis 
of the trypsin inhibitor on the nutritive value o le 
taining casein, it must follow that the inhibitor w f 
the same quantitative effect on either casein or i s ' 
sate, and (2) retard growth to a greater ? 

to diets containing properly heated soybean pi’o > 
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both mechanisms A and B operate, then when incorporated 
into diets containing casein. Positive evidence for both of 
these points is at hand. "With respect to (1), Klose, Greaves 
audFevold (’48) and Westfall, Bosshardt, and Barnes (’48) 
found that trypsin inhibitor preparations depressed the 
growth of rats on diets containing casein hydrolysates to at 
least the same extent as they did the growth of those fed un- 
hydrolyzed casein. Begarding (2), Westfall and Hauge (’48) 
found that the deleterious effect of the inhibitor on the nu- 
tritive value of casein was less than on propei’ly heated soy- 
bean flour. Similarly, Ham, Sandstedt and Mussehl (’45) 
observed that a trypsin inhibitor prepared by acetone pre- 
cipitation from aqueous extracts of raw soybean exerted a 
greater inhibitory effect on the growth of chicks fed auto- 
claved soybean meal than on the growth of those fed protein 
of animal origin. 

Recent papers (Riesen, Clandinin, Elvehjem and Cravens, 
’47; Hou, Riesen and Elvehjem, ’49; Liener and Pevold, ’49) 
have shown that the rate of release of methionine remains 
an inadequate explanation for the poor nutritive value of raw 
soybean. Nevertheless, the observation that the interference 
wnth the availability of methionine exerted by the trypsin in- 
hibitor depends on its antiproteolytic activity invites a re- 
evaluation of the concept relating to inhibition of the rate of 
release of methionine (Melnick, Oser and Weiss, ’46). If one 
considers the rate of intestinal absorption of the amino acids 
(Wilson and Lewis, ’29; Chase and Lewis, ’33) as well as 
their rate of liberation, the mutual supplementation of these 
acids could be expected to play a significant role in their 
utilization by the animal organism, in the following manner. 
If, in unheated soybean meal, the rate of proteolytic digestion 
is lower than the absorptive capacity of the intestine, there 
would be no tendency for amino acids to accumulate in the 
intestinal tract, and the concentration of the limiting amino 
acid, methionine, may be insufficient to permit adequate sup- 
plementation of the other ammo acids. On the other hand, 
if, after the meal has been heated to inactivate the tryqjsin 
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inliibitoi*, tlie rate of digestion is higher than the intestinal 
absorptive capacity, the digestion products would tend to ac- 
cumulate, and the methionine concentration may be great 
enough to act in a mutually supplementary manner vuth the 
other amino acids which are in excess. In the case of proteins 
of animal origin such as casein, in which methionine is rela- 
tively more abundant,® it is possible that the differential be- 
tween the rate of proteolytic digestion, as affected by tbe 
trypsin inhibitor, and the rate of intestinal absorption may 
not be great enough to depress the concentration of metbio- 
nine to the point where it will not adequately supplement tbe 
other amino acids. Under such conditions, the ability of tbe 
trj^sin inhibitor to interfere with the availability of metbio- 
nine would not play a significant role in the over-all effect of 
the inhibitor on the nutritive value of casein and other proteins 
in which a deficiency of methionine is not as critical as ni 
the case of soybean protein. 

SUilMABY 

Animal experiments involving measurement of tbe growth 
performance of rats were conducted to determine tbe effect 
of supplemental methionine on diets containing a soybean 
trypsin inhibitor concentrate and in which the sources ot 
nitrogen were raw or autoclaved soybean protein, soybean 
pi'otein hydrolysate, or casein. When the soybean hydrolysate 
or casein was furnished in the diet, the depression in grow 
exerted by the trypsin inhibitor preparation was not rela e 
to interference with the availability of methionine for giow • 
The beneficial effect of methionine in this instance coul 6 
wholly accounted for by the fact that the hydrolysate an 
casein were deficient to some extent in this amino acid. i 
diets containing autoclaved soybean meal, the growth-ietai 
ing action of the inhibitor was referable to interference m 
the availability of methionine for growth, as well as to ^ 
deficiency observed in the ease of the hydrolysate and casein. 

’ Block and Mitchell ( ’46) report the methionine content of casein and so. 
protein to be 3.5 and 2.0 gm/16 gm N, respectively. 
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These results may be explained by postulating a two-fold 
mode of action by active trypsin inhibitor preparations, one 
which results in an imijairment of the availability of methio- 
nine for growth as a consequence of its antiproteolytic activity, 
and the other having an effect unrelated to the inhibition of 
proteolysis. The former can be demonstrated if the source 
of ingested X is an intact protein critically deficient in meth- 
ionine. The latter effect is independent of the nature and 
quality of ingested X. 
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It is generally accepted that the nutritive value of a pro- 
tein depends essentially upon the kinds of amino acids which 
it contains and upon the quantitative proportion of each which 
is absorbed at a given time. Physical and chemical factors 
which destroy the amino acids or alter their availability to 
the organism will therefore affect the nutritional quality of 
the protein. Numerous investigations have been undertaken 
in an attempt to evaluate the effect of heat on proteins. These 
studies date from the work of McCollum and Davis ( ’15), who 
were probably the first to report that the protein constituent 
of milk is responsible for the loss in nutritive value which 
occurs when this fluid is heated. JFairbanks and Mitchell ( ’35) 
andMumford (’33) also observed the sensitivity of milk pro- 
teins to heat. In addition, heating has been shown to produce 
detrimental effects on the nutritive value of beef protein 
(Morgan and Kern, ’34; Seegers and Mattill, ’35), fish meal 
(Schneider, ’32; Maynard, Bender and McCay, ’32), human 
globin (Devlin and Zittle, ’44), field peas (Woods, Beeson 
and Bolin, ’43), edestin (Waisman and Elvehjem, ’38), pea- 

' The data in this paper are taken from the dissertation submitted by Ivan J. 
Mader for the degree of Master of Science, Wayne University, 1949. A pre- 
liminary report of the work was given before the American Institute of Nutri- 
tion at Detroit, April 19, 1949. 
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nuts (Mitchell, Burroughs and Beadles, ’36), cottonseed meal 
(Olcott and Fontaine, ’41), gluten (Morgan and Petro, ’30), 
soybean oil meal (Evans, McGrinnis and St. John, ’47), cereal 
proteins (Murlin, Nasset and Marsh, ’38; Kuether and Myers, 
’48), and laetalbumin (Davis, Eizzo and Smith, ’49). 

Proteins and carbohydrates are known to interact under a 
variety of conditions. In 1912 Maillard described a reaction 
between amino acids and reducing sugars which formed hu- 
min-like substances, “melanoidins.” This original observa- 
tion was confirmed by Borsook and lYasteneys (’25), who 
reported a reduction of free amino nitrogen after an inter- 
action between glucose and protein derivatives. The Maillard 
or melanoidin condensation theory is the classical explana- 
tion of non-enzymatic browning in food products (Stadtman, 
’48). The extent of the reaction appears to be in proportion 
to the availability of free aldehyde groups (Kansey, Tracy 
and Ruehe, ’33; Eoss, ’48) and amino groups (Patton and 
Pyke, ’46). 

The effect of the browning reaction on the nutritive value 
of microbiological media has been investigated by Patton an 
Hill (’48), and Hill and Patton (’47), who reported the de- 
struction of certain essential amino acids resulting from an 
interaction between the protein and reducing sugar com 
ponents of the media. These results are in accox’d with 
of Eiesen et al. (’47), who studied the liberation of essen la 
amino acids from heated soybean oil meal. _ 

The widespread occurrence of the browning reaction an( 
the suggestion that the interaction of cax’bohydrates and pi® 
teins is responsible for the nutritive damage which 
when protein is heated, have prompted a fui’ther stu ) 
these effects in relation to the mammalian species. The 
ent investigation has demonstrated the low nutritive va 
of heated protein for the adult dog and has describe 
effect of cai’bohydrate, when heated with the protein, oix 
nutritive value of the protein. The in vivo studies have c i 
evahxated in terms of the reducing sugar content of the prcp 
rations used. 
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EXPERIMENTAL 

Laetalbumin - M'as the protein used for all experiments. 
This protein "will hereafter be referred to as ‘‘commercial 
laetalbumin.” Preliminary analysis showed that it contained 
relatively large amounts of reducing substances Avhich could 
be easily extracted with water. The following procedure was 
used to prepare the product hereinafter termed ‘‘extracted 
laetalbumin.” 

Two kilograms of commercial laetalbumin were suspended 
in 5 1 of of distilled Avater and vigorously stirred mechanically 
for 30 min. The protein Avas recovered by centrifugation and 
resuspended in 5 1 of Avater. This alternate Avashing and cen- 
trifugation operation Avas carried out 8 times over a period 
of three successwe days. The protein Avas then Avashed in 5 1 
of 5% ethanol for 30 min., was centrifuged, washed finally 
Viith distilled Avater, again centrifuged, and allowed to dry 
in air. Thus, the commercial laetalbumin aa'us extracted Avith 
20 to 25 volumes of fluid. The extracted laetalbumin did not 
give a Molisch test. 

Heat treatment of the commercial and extracted proteins 
included dry-heating or autoclaving, or both, for varying pe- 
riods of time. For the dry-heating process, the laetalbumin 
was placed in shallow pans in layers not over 1 cm deep and 
baked in an oven at 120 °C. for 60 min. When the protein was 
autoclaved it was placed in shallow pans and heated at 120 °C. 
(15 lb. pressure) for 30 or 60 min. After autoclaving, the 
material Avas cooled rapidly, spread out in a thin layer and 
alloAved to air-dry for at least three days before being used. 

A purified ration containing all the knoAvn dietary essen- 
tials Avas prepared. The percentage composition of this basic 
diet, patterned after that used by Orten and Smith (’37) was: 
laetalbumin 10.0, sucrose 40.0, Avhite dextrin 10.0, commercial 
hydrogenated cottonseed oil ® 25.0, dried yeast * 6.8, Wesson 
salt mixture 3.5, bone ash 2.7, cod liver oil 2.0. The protein 

^Laetalbumin 15-42, obtained from the Borden Company. 

* Crisco. 

* Anheuser-Busch, Strain G. 
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component of the diet was adjusted for all control and experi- 
mental periods to insure each animal’s consumption of the 
same amount of nitrogen every day. Sucrose was correspond- 
ingly increased or decreased to make all rations isocaloric. 

Three healthy adult female dogs, each weighing approxi- 
mately 10 kg, were used as experimental subjects. They \s'ere 
kept in individual standard metabolism cages and had access 
to water at all times. The animals were fed at the same hour 
daily and weighed weekly. They ate their ration promptly 
and completely at all times. 

The method employed for evaluating the nutritional quality 
of the proteins was adapted from the one used by Murlin and 
his associates (’41). This procedure involved a comparison 
of the amount of urinary and fecal nitrogen excreted by a 
subject fed a diet containing a “control” or reference pro- 
tein with the amount excreted by the same subject when fed 
a similar diet containing the protein to be tested in place of 
the “control” protein. In the present study either commer- 
cial or extracted lactalhumin, unheated, served as the refer- 
ence protein to which the heated proteins were compared. 
The experiment consisted of alternate control periods, each 
three days in length, and experimental periods of 4 days. 
The protein to be tested was fed for two 4-day periods sepa- 


rated by a control period. 

Urine samples from each dog were obtained quantitative > 
by catheterization for all collection periods and were pie- 
served with sulfuric acid and toluene. The urine was mace 
up to volume and aliquots were analyzed for nitrogen, i i 
fresh feces, separated into periods with carmine, were kep 
covered with ethanol containing 1% sulfuric acid until diiec 
on a steam cone. Nitrogen determinations were made on a i 
quots of the ground dried material. All analyses for nitiogeii 
were made in replicate by the macro-Kjelclahl method. 

The caloric requirement of each dog was first deternnnec 
with a diet containing 10% casein. That amount of 
which precluded any gain or loss in body weight was tot 
the clog in all succeeding studies. A daily ration furnis iHc 
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45 to 75 cal. pov kilogram of body weiglit was found to be 
satisfactoi’y, depending upon tlie individual dog. Tbe maxi- 
mum weight change in any dog throughout the experiment 
was only 0.7 kg. 

Before studying the effect of heat on the nutritive Amlue of 
the lactalbumin it was desirable to conduct a number of bal- 
ance studies which would determine the minimum amount of 
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Fig. 1 Preliminary nitrogen balance studies to determine the minimum nitro- 
gen requirement of the dogs. 

protein neeessaiy to keep the dogs in nitrogen balance. Ac- 
cordingly, diets containing 5 and 10% of commercial lactal- 
bumin Avere prepared and fed to the dogs in an amount 
commensurate with their caloric requirements. The averages 
of the nitrogen balances of the animals maintained on these 
diets are shoAvn in figure 1. It is evident that lactalbumin fed 
at a level of 10% was adequate for nitrogen balance in the 
present study. The yeast of the diet supplied an appreciable, 
and constant, amount of nitrogen. This nitrogen comprised 
approximately 0.4% of the diet. There was a total dietary 
nitrogen content of about 1.67 %, and all other diets contain- 
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ing a treated protein were constituted to contain as nearly 
as possible this amount of nitrogen. 

Complete nitrogen balance data on each dog for all control 
and expei’imental periods are presented in table 1. Figures 2 
and 3 show in chronological sequence the averages of ^e 



Eig. 2 Average nitrogen balances in dogs fed unextracted (commercial) la® 
talbumin. 
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JPig. 3 Average nitrogen balances in dogs fed extracted (carbohydrate 
lactalbumin. 






TABLE 1 

Food, urinaru and fecal nitro^efi data 


TOr.Vlj FOOD 
Dog; So. 


TfiT.ir* VtltS.iRY y 

Do.: So. 

I 2 3 


TOTAL KECAI/ >* 


Do^ Ko. 
12 3 


Comtnercinl lactalbiinnii, 
unhealed ' 

Commercial lactalbumiii, 
autoclaved 60 min.* 
Conunereial lactalbuuiiu, 
unheated 

Commercial lactalbumiii, 
autoclaved 60 min. 
Commercial laetalbumiii, 
unheated 

Commercial laetalbuniin, 
tlrj-heated ISO'^C. 60 min. 
Commercial lactalbumin, 
unheated 

Commercial lactalbumin, 
dry-heated 120°C. 60 min. 
Lommercial lactalbumin, 
unheated 

Commercial lactalbumin, 
autoclaved 30 min. 
Commercial lactalbumin, 
unheated 

Commerezal lactalbumin, 
autoclaved 30 min. 
Commercial lactalbumin, 
unheated 

I^xtracted lactalbumin, 
autoclaved 30 min. 
wraeted lactalbumin, 
unheated 

Extracted lactalbumin, 
autoclaved 30 min. 

^wacted lactalbumin, 
unheated 

Extracted lactalbumin, 
autoclaved 60 min. 
wraeted lactalbumin, 
unheated 

Extpeted lactalbumin, 
autoclaved 60 min. 

-t-xtracted lactalbumin, 
anheated 

Extracted lactalbumin -f 5% 
lactose, autoclaved 60 min. 
extracted lactalbumin, 
unbeatea + 5 % lactose 
ij^tractea lactalbumin + 5% 
setose, autoclaved 60 min.* 
extracted lactalbumin, 

^^ated -b 5% lactose * 
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4.37 

3.44 

3.84 

3.27 

3.43 

3.18 

2.60 

'*2 67 

1267 

9.13 

7.5.3 

9.97 

6.44 

2.27 

2.30 

1.74 


^t*uted 7)roti 
‘S Y perio.l. 

'ux-da.v perioa. 
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ing a treated protein were constituted to contain as nearly 
as possible this amount of nitrogen. 

Complete nitrogen balance data on each dog for all control 
and experimental periods are presented in table 1. Figures 2 
and 3 show in chronological sequence the averages of the 
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Fig. 2 Average nitrogen balances in dogs fed unextraeted (commercial) lac- 
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Fig. 3 Average nitrogen balances in dogs fed extracted (carbohydrate 
lactalbumin. 








TABLE 1 

Food, urinarij and fecal nitrofjoi data 


TOTAL rOOD X TOTAL UKIXAUY X TOTAL FECAL X 


Doff No. Dojj No. Do? No. 

12.T 123 123 


Commercial lactalbumin, 
unheated ' 

Commercial lactalbuiniu, 


ffrn 



fftn 



gm 


6.26 

6.26 

4.51 

5.11 

5.84 

3.69 

1.04 

0.96 

0.86 

autoclaved 60 niiu.’ 

Commercial lactalbuiniu, 

S.lo 

8.15 

5.25 

6.16 

6.83 

4.78 

4.03 

2.98 

2.87 

unheated 

Commercial laetalbumin, 

6.26 

0.26 

4.51 

5.33 

5.79 

3.72 

0.95 

0.77 

0.80 

autoclaved 60 min. 

Commercial lactalbuiniu, 

S.lo 

8.15 

5.87 

5.67 

6.70 

4.61 

4.29 

2.05 

2.93 

uuheated 

Commercial laetalbumin, 

6.26 

6.26 

4.51 

4.55 

0.74 

3.44 

1.05 

0.96 

0.S6 

dry-heated 120 “C. 60 min. 
Commercial laetalbumin, 

7.75 

7.75 

5.53 

5.80 

7.09 

4.58 

1.78 

1.37 

1.60 

uuheated 

Commercial laetalbumin. 

6.34 

6.34 

4.56 

4.89 

5.72 

3.51 

1.01 

0.87 

0.86 

dry-heated 120^*0. 60 min. 
tommereial laetalbumin. 

7.75 

7.75 

5.58 

5.61 

5.71 

4.42 

1.68 

1.68 

1.54 

uuheated 

Commercial laetalbumin, 

6.38 

6.38 

4.59 

4.78 

5.12 

3.67 

1.04 

1.02 

0.8S 

autoclaved 30 min. 

Commercial laetalbumin. 

8.25 

8.25 

0.94 

5.50 

6.05 

4.75 

3.33 

2.37 

1.19 

unheated 

Commercial laetalbumin, 

6.38 

6.38 

4.59 

4.47 

5.21 

3.46 

1.08 

1.03 

0.84 

autoclaved 30 min. 

Commercial laetalbumin, 

8.25 

8.25 

5.94 

5.35 

6.36 

4.67 

2.86 

2.74 

2.50 

unheated 

Extracted laetalbumin, 

6.38 

6.38 

4.59 

4.58 

5.21 

3.49 

1.07 

0.84 

0.92 

autoclaved 30 min. 

^^xtracted laetalbumin, 

8.25 

8.25 

5.94 

5.70 

5.93 

4.58 

1.56 

1.44 

1.45 

uuheated 

Extracted laetalbumin, 

6.15 

6.15 

4.43 

4.55 

5.10 

3.44 

1.06 

0.83 

0.83 

autoclaved 30 min. 

Extracted laetalbumin, 

8.25 

8.25 

5.94 

6.01 

6.83 

5.24 

1.45 

1.47 

1.26 

uuheated 

Extracted laetalbumin, 

6.15 

6.15 

4.43 

4.73 

5.27 

3.98 

1.11 

0.71 

0.83 

autoclaved 60 min. 
xtracted laetalbumin, 

8.20 

8.20 

5.90 

5.84 

5.84 

4.87 

2.90 

2.73 

2.57 

uuheated 

Extracted laetalbumin. 

6.15 

6.15 

4.43 

4.78 

0.18 

3.29 

1.02 

0.80 

0.87 

autoclaved 60 min. 

Extracted laetalbumin, 

8.04 

8.04 

5.85 

5.67 

6.47 

4.52 

3.02 

2.42 

2.40 

uuheated 

Extracted laetalbumin + 5% 

6.15 

6.15 

4.43 

4.55 

0.22 

3.41 

0.96 

0.93 

0.91 

lactose, autoclaved 60 miu. 
Extracted laetalbumin, 

8.10 

8.10 

5.83 

4.78 

5.84 

4.44 

4.82 

3.85 

3.25 

uuheated -f 5% lactose 
Extracted laetalbumin -f 5% 

6.34 

6.34 

4.56 

4.41 

0.26 

3.26 

0.97 

0.91 

0.97 

lactose, autoclaved 60 min.® 
Extracted laetalbumin. 

6.07 

6.07 

4.37 

3.44 

3.84 

3.27 

3.43 

3,18 

2.60 

unheated +5% lactose * 

12 67 

12 67 

9.13 

7.53 

9.97 

6.44 

2.27 

2.30 

1.74 

protein ^vaa fed for a period of three days. 

Th^eo-day ^ 

Six-day period. 
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nitrogen balances of the three dogs as they were alternately 
fed the nnheated and heat-treated proteins. Although there 
are individual variations in the extent of nitrogen balance, 
the direction of the change in nitrogen equilibrium for each 
dog is the same in all cases. 

For calculating the digestibility and biological value of the 
heated proteins, a modification of the method pi'oposed by 
Murlin et al. (’41) was used. It was assumed that the absorp- 
tion and utilization of the control (unheated) laetalbumin is 
complete. The calculated digestibility and utilization are 
based, therefore, on unheated protein as representing a value 
of 100%. By multiplying the ’biological value by the digesti- 
bility, a quantitative expression is obtained which Cahill, 
Schroeder and Smith (’44) have termed the "nutritive m- 
dex.” This value expresses more accurately the over-all nu- 
tritive value of a protein than does either the digestibility 
or biological value alone. For each heated protein fed, the 
averages of the data of the two experimental peiiods have 
been used for purposes of calculation. The averages of the 
data from the three control periods which delimit and sepa- 
rate the experimental periods have been similarly used. 

In table 2 are listed the average per cent nitrogen output 
in the feces and the calculated digestibilities of all the heated 
pi'oteins. It is apparent that the extent of absorption of the 
nitrogen of the heated proteins depends upon the method o 
heating and upon the length of the heating period. Dry-heat- 
ing of commercial laetalbumin lowers the availability of the 
protein nitrogen only slightly, whereas if it is autoclaved the 
digestibility is markedly diminished. This decrease is directly 
proportional to the length of the heating period. Of specia 
significance is the fact that the digestibility of autoclave 
extracted laetalbumin was considerably higher than that o 
the autoclaved unextracted product. The absorption of t e 
30-min. autoclaved extracted protein was almost as comple e 
as that of the unheated materials. 

The average biological values and nutritive indices a* 6 
shown in table 2. It will be noted that in all cases the uti iza 
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tiou of the absorbed nitrogen from the heated protein was 
as good as or better than that from the unbeated protein. It 
is evident that no loss in nutritional quality was caused by 
the dry-beating process or by autoclaving extracted lactal- 
bumin for 30 min. On the other band, if commercial lactal- 
bumin is autoclaved for 30 min. the nutritive index, which 


TABLE 2 


Bigesiibilitij, fecal nitrogen, biological value and sugar cc^nient of heated 
laci albumin as related io nutritive index 



DIGESTI; 

NITIiOGEK OUTPUT 
IN FECES 

BIO- 

LOO ICAIj 

NUTRI- 

TI\TEJ 

StrOAB 

CONTENT 


BtLXTY ^ 

Control 

Exptl. 

VAI.UE * 

INDEX ^ 

Commercial lactalbumin, 

% 

Vo 

Vo 

Vo 

Vo 

Vo 

Orj’-heated 120 ®C., 60 min. 
Commercial lactalbumin, 

95 

17 

23 

109 

103 

4.0 

autoclaved 30 min. 

Extracted lactalbumin, 

84 

18 

31 

107 

90 

1.2 

autoclaved 30 min. 

Commercial lactalbumin, 

97 

17 

20 

104 

100 

0.3 

autoclaved 60 min. 

Extracted lactalbumin, 

72 

16 

36 

111 

80 

0.8 

autoclaved 60 min. 

Extracted lactalbumin 
+ 5% lactose, 

80 

17 

33 

107 

85 

0.3 

autoclaved 60 min. 

63 

19 

45 

115 

73 

0.9 


‘Digestibility (per cent) = ^ 

J'oodlf absorbed = Total food X— ( ~ ^ecal'^N 

■BWoBta, „.a _ ( ) 

(per cent) = - Food X absMbed 


X 100. 


‘Nutritive index = biological value X digestibility. 


involves the factor of digestibility, is lowered by 10%. When 
the autoclaving period is extended to 60 min. the damage in- 
curred by both commercial and extracted lactalbumin is 
considerable, though again the extracted protein is not so 
severely injured as is the commercial product with its higher 
content of carbohydrate. 
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It was shown in the balance study that the removal of le- 
ducing substances from commercial lactalbumin prior to the 
heating process markedly affects the nutritive value of the 
protein. It was therefore desirable to determine quantita- 
tively the reducing sugar content of all the proteins used, in 
an attempt to correlate these results with the in vivo studies. 
A modification of the Shaffer and Hartmann copper reduc- 
tion iodometric method for the determination of lactose in 
milk was used (Winton and Winton, ’45). The results ot 
these analyses (table 2) show that the recoveiy o 
from commercial lactalbumin is markedly reduced after it iias 
been autoclaved. The sugar content of the protein is ^ 
approximately 75 to 85% by autoclaving the material tor 
and 60 min., whereas the dry-heating process removes oi 
20% of the sugar. The marked loss of reducing sugar contem 
is not due to the heat treatment per se, for if lactose is an - 
claved with a finely divided inert material, such as a e, a 
S6% of the sugar is still found to be present after au oc , 
ing. This suggests that a reaction between the earbo y 
and the protein has occurred. 

DISCUSSION 

The ability of lactalbumin to maintain nitrogen T 

the adult dog is impaired Avhen the protein has 
This is in accord with the findings of many investiga 
have used other proteins and different species o 
mental animals. It has been reported that there is o 
damage to the nutritive value of a protein as e e o 
the heating period is increased (Morgan and 
gers and Mattill, ’35; Davis, Rizzo and Smith, 4Jj. r 
been found to be true in the present study. It app 
the detrimental effect of heat is gradual and changes 

Moisture and temperature increases accelerate .gggnt 

which occur in the protein as it is heated. In^ 
study, dry-heating of commercial t^^^talbumin pi’o 
little alteration in the protein, judging from tlie n 
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dex, whereas autoclaved protein was uuu’kedlj’^ inferior even 
when the duration of the heat treatment was less. 

Kecent work has shown that the reaction between reducing 
sugars and protein may be responsible for the deei’eased nu- 
tritive value of heated proteins (Patton et ah, '4Sa, '48b; 
Hill and Patton, ’47 ; Stevens and McGinnis, ’47). The results 
of the present investigation support this hypothesis. Heated 
extracted lactalbumin differs markedly from heated commer- 
cial lactalbumin in its ability to maintain nitrogen balance 
in the adult dog. Whereas autoclaving the commercial prod- 
uct for 30 min. produces a material which is unable to sup- 
port nitrogen equilibrivmi, the same treatment of extracted 
lactalbumin causes no apparent change as regards nitrogen 
availability. If the duration of heat treatment is increased 
to 60 min. the extracted protein becomes less adequate but 
its nutritive value is nevertheless greater than that of com- 
niereial lactalbumin subjected to the same treatment. 

A critical analysis of the data shows that a change in the 
digestibility of the heated proteins can account for a major 
portion of the damage incurred. Morgan and co-workers ( ’26, 
’34) reported that the heating process does not affect the 
^gestibility of a protein, though its biological value may be 
impaired. More recently Weast, Groody and Morgan (’48) 
observed that heated casein is not well absorbed by the grow- 
ing dog. This is in direct contrast to the report by Morgan 
(’31) of large urinary nitrogen losses in rats fed heated pro- 
tein. Others have found, however, that in this species the di- 
gestibility of heated protein is not as complete as that of 
unheated protein (Chick et al., ’35; Davis, Rizzo and Smith, 
’49). 

Paradoxically, the real biological value of all proteins used 
in the present experiments was uniformly high, indicating 
that whatever nitrogen the dogs were able to absorb was well 
utilized. Apparently the animals neither absorbed atypical 
peptides which were excreted in the urine, nor wasted ab- 
sorbed nitrogen because some essential amino acid was 
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lacking, thereby preventing mutual simultaneous supplemen- 
tation. 

Our observations with respect to nitrogen balances and the 
carbohydrate content of the various proteins support the 
hypothesis that the browning reaction which occurs when 
protein is heated is some type of condensation between nitrog- 
enous compounds and reducing sugars, specifically involving 
the amino groups of the protein and the free aldehyde gioups 
of the carbohydrate, mile the presence of carbohydrate m 
commercial lactalbumin has been shown to play a piominen 
role with regard to the nutritive value of the protein en 
it is subjected to heat treatment, it should be emphasized 
that this phenomenon is probably but one of many 
and little understood reactions which occur. Actual destruc- 
tion of amino acids when casein or soybean oil meal 
ill the presence of carbohydrate has been reported ( a on 
et ah, ’48a, ’48b). The heat treatment itself undoubtedly 
causes changes in the protein molecule, especially at higb 
temperatures (Mecham and Olcott, ’4/). Decomposi mu o^^ 
proteins becomes extensive at temperatures^ of lo • 
more, with a loss of considerable amounts of annnoiua, ^ 
creases in amino and basic groups, and changes in so u n . 

It would appear, nevertheless, that an interaction ot a pi 
tein molecule and a reducing sugar can account foi muc 
the damage which occurs when commercial lactalbumm 
heated. This reaction is particularly noticeable at 
low temperatures and wdth comparatively short peim s 
heating. As the duration of heating is prolonged oi m 
perature increased, other reactions obscure this phenonieno 

SUMMARY 

No change in its nutritional quality occurred when 
mercial lactalbumin was dry-heated at 120°C. foi 
Its digestibility and nutritive index were found to ® 
iiificantly decreased by autoclaving. This decrease 
tive value ■was in proportion to the severity of ' 
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treatment. The nutritional quality of extracted lactalbuniin 
was not as seriously impaired by comparable beat treatment. 
The latter was reconstituted with lactose with respect to the 
carbohydrate content of the original protein. Upon heating, 
the reducing sugar content diminished and severe negative 
nitrogen balances re.sulted. Decreased digestibility, as evi- 
denced by increased fecal nitrogen, accounted for the decrease 
in nutritive value. Utilization of absorbed nitrogen remained 
uniformly high in all cases. 
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Stamms (’13) described many of the clinical symptoms of 
ariboflavinosis more than 20 years before riboflavin was dis- 
covered. Subsequent reports produced additional evidence of 
die dietary nature of these symptoms (Babr, ’ll; Scott, ’18). 
The specificity of some of the clinical signs received scien- 
tific confirmation during the period when riboflavin was being- 
concentrated and isolated (Goldberger and Tanner, ’25; 
Moore, ’30; Landor and Pallister, ’35). The availability of 
I'lboflavin made possible tlie human dietaiy experiments of 
Sebrell and Butler ( ’38), in which lesions attributable to ribo- 
flavin deficiency were produced by a regimen containing 0.5 
of riboflavin per day. Since then much work has been done 
hy many able investigators, but there remains considerable 
controversy as to what is, or is not, riboflavin deficiency. 

Restricting this discussion to attempts to produce signs of 
pure riboflavin deficiency by means of dietary experiments of 
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at least 5 months’ duration, it should be noted that recent 
efforts to produce such an uncomplicated syndrome have not 
yielded positive results. Williams, Mason, Cusick and Wilder 
(’43) fed a diet which provided between 0.8 and 0.9 mg (0.35 
mg per 1,000 cal.) of riboflavin per day for over 9 months, but 
no clinical evidence of riboflavin deflciency was produced in 
that time. Keys, Henschel, Mickelsen, Brozek and Crawford 
( ’44) observed no signs of deflciency on a diet containing 1.0 
mg (0.3 mg per 1,000 cal.) of riboflavin per day, fed for 5 
months. Horwitt, Liehert, Kreisler, and Wittman (’48) fed 
a diet which contained between 0.8 and 0.9 mg of riboflavin 
per day for over two years, and only one subject out of the 
22 observed during this peidod showed any signs that might 
be attributed to lack of riboflavin. Although in all of these 
studies the urinary excretion of riboflavin was reduced to 
minimum levels, the dermatological signs reported by Sebrell 
and Butler (’38) were not positively reproduced. 

Can a pure riboflavin deficiency be produced experimen- 
tally? If skin lesions are observed during subsistence on diets 
low in riboflavin, are these lesions specific signs of riboflavin 
deficiency? It was decided to try to answer these questions 
by feeding for over a year a diet containing between 0.5 and 
0.6 mg of riboflavin per day. The choice of this level was in- 
fluenced by the positive results reported by Sebrell and But- 
ler ( ’38) on 0.5 mg per day and the negative results of more 
recent workers who fed larger amounts. 

METHODS OF STUDY 

The techniques employed were strongly influenced by the 
experiences reported by Williams, Mason, Cusick and Wilder 
(’43). The selection of subjects was made in a manner quite 
similar to that reported by Horwitt, Liebert, Kreisler and 
Wittman (’48). The subjects for the study were chosen after 
evaluating the qualities of several hundred mental patients. 
Choice was based upon chronicity of mental illness, excellence 
of physical condition, and the presence of a reasonable 
amount of emotional stability. The psychiatric diagnoses 
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varied widely, which factor iiiiiiiiHixed tlie very unlikely pos- 
sibility that a metabolic disorder concerned with riboflavin 
could be related to the mental disorder of the subjects. Choice 
of subjects was also influenced by attitudes, cooperativeness, 
physical health and habits of eating. After a three-month trial 
feeding period on a diet which was made up to resemble that 
which was to be used later but which provided about twice 
as much riboflavin (1.1 mg per day), 39 subjects were se- 
lected. They were divided into three groups in May, 1947. 
Croup A, 15 subjects, received a diet supplying 0.55 mg of 
riboflavin per day; group B, 14 subjects, received the same 
diet but in addition were given a tablet containing 2 mg of 
riboflavin per day; group C, 10 subjects, ate the regular hos- 
pital diet ad libitum. Only one subject (B6) failed to cooperate 
ia eating and he was in the supplemented group. Another 
subject (B2) was not available for further observation after 
8 months of supplementation. 

The tentative original plan called for experimental periods 
of at least one year’s duration before riboflavin would be 
added to the diet of the depleted group. However, the ap- 
pearance in three subjects of symptoms of dermal lesions 
necessitated supplementing the diet of these three during the 
9th and 10th months of the period of depletion. 

Diet and dietary supplements 

The details of the diets and the extensive dietaiy controls 
are described elsewhere (Horwitt, Sampson, Hills and Stein- 
^0)^0) ’49). In brief, three separate lists of foods, which per- 
nutted the serving of menus that were repeated every 9 days, 
were fed by a kitchen staff of 4 full-time workers in a build- 
ing especially remodeled for nutritional investigations. The 
basic diet provided 2,200 cal., 57 gm protein, 65 gm fat and 
0-55 mg of riboflavin per day. The natural foods in the diet 
Provided less than 45 gm of protein per day, and it was nec- 
essary to add from 10 to 15 gm of calcium caseinate ® to the 

’Supplied by the Borden Company. 
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daily menus in order to avoid the theoretical possibility of an 
amino acid deficiency. 

With one day’s standard food ration regarded as 100%, the 
amount of food was varied with the subject’s size and ap- 
petite, so that 6 subjects in group A received more or less 
than 100%. These were subjects Al, A4, A5, A7, A9 and A15, 
who received 110, 110, 80, 110, 120 and 120%, respectively. 
All foods were repeated every three days, but the form in 
which the food was served was varied in a 9-day cycle. 

The diet containing approximately 1.1 mg of riboflavin per 
day which was fed during the three-month preliminaiy pe- 
I'iod was similar to the one used in the later experimental 
period except that the allotment of meat was slightly larger 
and a flour of higher riboflavin content was used to make the 
bread. 

The following daily supplement of vitamin was given to 
all subjects on the controlled diets: thiamine hydrochloride 
0.6 mg, niacinamide 10 mg, pyridoxine 1 mg, calcium panto- 
thenate 3 mg, biotin 0.05 mg, folic acid 0.1 mg, ascorbic acid 
50 mg, vitamin A 4,000 U.S.P. units, and vitamin D 400 
U.S.P, units. In addition, 500 mg of dicalcium phosphate 
were given daily and 180 mg of ferrous sulphate three times 
weekly. Calculation of the intake of riboflavin on the 0.55 mg 
diet of the A group on the basis of body weight gives a figure 
of approximately 9.0 ng per kilogram of body weight per day. 
Analytical control of the riboflavin content of the diet was 
continuous during the first year of the study. About one-half 
of all the meals were sampled and assayed by both fluon- 
metrie (Slater and Morell, ’46) and microbiological methods 
(Roberts and Snell, ’46). 

Tests employed 

Since an earlier study (Hoi’witt and Kreisler, ’49) using 
a diet containing 0.8 to 0.9 mg of riboflavin and 0.4 mg o 
thiamine per day had produced definite changes in carbohy- 

* Special formula supplied by Hoffniann-LaRocbe, lac. 
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(Irate metabolisiii, it was considered impoi taut to ® ^ 

of this work in the present study, in ^vh^cb the allow ane of 
riboflavin was decreased to 0.55 and that o t c 

to approximately 0.9 mg per day. The leve s in e 
glucose, lactic acid and pyruvic acid wmie ® 
aad after oral glucose administration and af ei a mi ' 
else test, which was given 60 min. after the inges ion 
glucose. This test, the methods used in the ana yses anc 

use of the results to obtain an index of T (■UQ^ 

taboUsm have been described by Honvitt and Kreisler ( 49). 

The 24-hour urinary excretion of riboflavin and the excie- 
tion of riboflavin during the 4 hours fohowing e in^ee 
of 1 mg of riboflavin are described by Horxvitt et ( )• 

Blood riboflavin was estimated according to a micio lo Oq 
method similar to that of Strong, Feeney, iJvIoore and 


sons (’41). . . T „ 

Hematological analyses included determinations o em 
globin, hematocrit, red blood cell and differential counts. 
Basal metabolic rates, electrocardiograms, 
grams and orthodiagrams of heart size were ohtamed hetoie, 
during and after the periods of dietary depletion. Copif 
cholesterol flocculation tests, icteric indices an e ® 
levels of cholesterol, N.P.N., creatinine and phospholipids 


were also determined. . 

The large number of clinical examinations xyhich were con- 
ducted daily, or as often as was necessary, will he described 
in detail in a paper dealing with this aspect of the experi- 
ments. They included neurological tests of reflexes, vibration 
sense and auditory acuity; tests of visual acuity, flicker fu- 
sion, tear flow, dark adaptation, corneal sensitivity and in- 
ternal ocular pressure ; and slit-lamp examination for cornea 
vascularization. A pbotograpbic record was kept ^ t ^ ^ ’ 
face, tongue, lips, genitals and finger capillaries. The ability 
of the subjects to perceive flicker was determined by usiDq 
a mercury bulb xvhich was illuminated and extinguished at 
different controlled rates. The point at ivhich the light in- 
terruptions were just recognized by the subject was accepted 
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as the threshold of flicker fusion. Pupil size and pupil con- 
traction time were also determined photographically. Psy- 
chiatric evaluations and the psychological testing of behavior 
were a part of the routine; these will he reported elsewhere. 

Growth and ivound healing of rats 

As an additional test of the riboflavin content of the basal 
diet, homogenized aliquots (with additional iron provided by 
adding 0.17 gm ferric ammonium sulphate to 100% of the 
diet) were fed to rats. In a typical experiment 22 weanling 
rats were divided into two groups. Half of these animals 
received the basal diet fed to the human subjects in group 
A and the other half the same diet with 60 ug of riboflavin 
added per day per rat. Simultaneously, in order to facilitate 
the availability of animals with marked deficiencies of ribo- 
flavin, a diet containing half as much riboflavin as that pro- 
vided for the subjects in group A was fed to another group 
of 18 rats. The latter diet differed from the A group diet in 
that all meat and bread were removed and an equivalent 
amount of protein in the form of lactalbumin ® added. This 
diet provided approximately 300 ug of riboflavin for each 
100% of the diet, or 0.5 pg per gram of dry weight. Half of 
the animals on this diet received 60 ug of riboflavin daily as 
a supplement. 

While attempting to evaluate the effect of riboflavin on the 
dermal lesions observed in humans, preliminary studies of 
wound healing were made on 6 150-day-old rats, 4 of which 
were on the deficient diet and two of which received supple- 
mentary riboflavin daily. Circular wounds 1 cm in diametei 
were made on the dorsal surfaces of the rats by removing 
the skin to the depth of its normal separation from undei ly- 
ing tissue, according to the technique described by Paul, 
Taylor and Marsters (’45). The rate and character of woun 
healing were observed and compared with the amount o 
riboflavin in the diets of the animals. 


® Supplied hj the Borden Company. 
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OBSERVATIONS 

Blood glucose, lactic acid and ggnivic acid 

These data for the subjects in gioups A ^ fCMD 
in table 1. The indices of 

were calculated on the basis of the ana pEmbin«' done 

pies, obtained 5 minutes after 1 minute of stair 
f 30 minutes after the oral administration ot 

results of the previously reported stu > o c annarent 
ciency (Horwitt and Kreisler, ’49), theie vei r,ppnmula- 
changes in the carbohydrate metabolism, . £ ££^e 

tion of lactic and pyruvic acids in the l^\°f\The da a^^me 
completed group compare favorably wit lo P 
published and obtained with subjects who had lec 
which were adequate in all respects. 

Urinary excretion of riboflavin 

These details are reported elsewhere by 
In brief, the average subject dropped lom an o 
cretion of 400 iig in 24 hours, on the l^ospit ^ 
contained 1.6 mg per day, to an average o Po 
mg diet used in the preliminary period. Seven 
0.55 mg diet was started, the average escie ion 
jects of group A dropped to 50 pg; it persisted at t 

for 9 months and then fell to as ^ ^7011^1 unon 

cretions after supplementation with riboflavin depended upon 

the size of the supplement. Thus, when 2 mg weie ’ 

twice or three times a day, tissue satuia ion as 

by the 4-hour excretion test was obtained at 38, 20 ana ii 

of tta constUoeots ot tie Wood M not 
reveal any differences that could be interpreted as re- 

lated to deficiency of riboflavin. The hematological examina- 
tions and liver function tests all gave resu s w ic 
considered to be within “normal” ranges, ^o 
pathological findings was noted in examination of the elec- 
trocardiograms, heart orthodiagrams or basal metabolic lates. 


TABLE 1 

Average glneosef laciaie and pgnivalc after glucose administration and exercise (milligram per 100 ml of hlood) 
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Toward the end of the deficiency period psychological tests 
of mental fatigue produced results which indicated that t le 
subjects in group A were less efficient than the subjects m 
the supplemented group. These tests will be^ repeated aftei 
group A has been supplemented with riboflavin for one yeai , 
at which time they will be evaluated.® 


CO‘<TRO.S 



I’ig. 1 The growth of rats on the human experimental diets. The 0.55 mg 
was the homogenized equivalent of the food fed to group A subjects^ t e . 
mg diet was similar to the latter except that meat and bread were removed and 
an equivalent amount of protein added as lactalbumiu. The controls received 
the same diets hut 60 ftg of riboflavin were added daily. The controls for t e wo 
diets are plotted together because the results obtained when riboflavin was added 
were very similar. 


Experwients tvith rats 

That the group A diet was inadequate with respect to ribo- 
flavin for the optimum growth of rats is shown in figuie 1. 
Good growth was obtained when riboflavin was added to the 
diet. 

Of possible significance is the observation, common to most 
nutritional deficiency studies, that though the deficient ani- 
mals had more shin lesions aronnd the head, such lesions 
were not completely absent in the control group. However, 
iu the latter group any such lesion would heal soon after ap- 
pearing, whereas a similar one would tend to persist in the 
nuiraal on the deficient diet, 

•These psychological observations will be reported by Miss Thelma Johnson. 
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The healing of the circular wounds produced in the rats 
was directly related to the amount of riboflavin in their diets. 
There was a marked ditference in the rates of tissue prolifera- 
tion in the rats fed different levels of riboflavin. The Avounds 
of the animals who received added riboflavin developed a 
scab the fl.rst da}'' and decreased in size in three days. At 14 
days only a tiny crust was left, which was lost at 20 days. JJo 
sign of previous injuiy was detectable at 28 days, at which 
time there was complete I'egrowth of hair. The wounds of 
animals on the A group diet healed more slowly. There was 
some wound contraction on the 4th day but the area was quite 
moist. On the 2Sth day healing was far from complete, and 
after 54 days the wounds were still evident, Avith marked re- 
tardation of the fur regroAvth. Bosse and Axelrod (’48) made 
similar obsei'vations AAuth respect to rat diets much more de- 
ficient in riboflavin than those we fed. The present prelimi- 
nary rat study Avith diets of borderline deficiency will be 
repeated, using larger numbers of animals and paired-feed- 
ing techniques. 

Clinical examinations 

Cheilosis, ■’f involving the Vermillion border of the lips and 
including vertical Assuring, crusting and desquamation, Avas 
seen in only one subject (A15). In his case the lesion Avas 
never more than minimum, and wms manifested only by red- 
ness and slight vertical fissuring in a lip that AA'as naturally 
almost abnoi’mally protruberant. Angular stomatitis, the 
crusting and fissuring of the oral angles, appeared for Amry- 
ing periods of time in three members (Al, A5 and All) of 
the depleted group but in none of the supplemented subjects. 
In none of these three was there evidence of excessive saliva- 
tion, or of inefficient dentures. In the case of subject Al, a 
bacteriological investigation of the Avound produced no evi- 
dence of a mycotic infection. 

The first manifestation of possible deficiency of riboflavin 
appeared in subject Al in September 1947, 4 months aftei 

•Dr. Cleveland J. AVliite and Dr. H. S. Steinberg gave dermatolQgic.al advJCe 
and treatment during the period of observation of the skin lesions. 
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the begiuuhig of the 0.55 mg diet. This consisted of a lesion, 
which \vas diagnosed as typical herpes simplex vesicle, at the 
left oral angle. During the succeeding 6 weeks a definite hori- 
zontal fissure with crusting appeared at both oral angles. 
Local therapy uuth zinc oxide and camphorated oil assisted 
healing of the right oral angle in less than three week.«. That 
oil the left, however, remained in a fluctuating state of remis- 
sion and exacerbation and did not heal completely until after 
riboflavin was administered. In addition to the angular sto- 
matitis, subject A1 had a scaling, crusting lesion of the scalp 
which was resistant to routine therapy with sal-sulphur oint- 
ment. A similar condition was present in the hairy areas of 
the chest. On the face, severe vertical fissuring appeared at 
the naso-labial folds and eroded through the mueo-cutaneous 
border into the nostrils. Small fissures also appeared at the 
orifice of the nares. All of these conditions healed very rapidly 
after the administration of riboflavin. 

The second subject (A5) developed similar lesions without 
the appearance of any pre-existing herpes. They were noted 
m ^arch 1948, two weeks after the appearance of a severe 
scrotal dermititis (see below). Because of the severity of the 
after lesion, the patient was given 6 mg of riboflavin per day. 
iuis supplementation was begun 5 days after the appearance 
of small fissures at both oral angles. Marked improvement 
"^as observed within 48 hours and the lesions healed com- 
pletely in two weeks. It may be significant that this subject 
Was the only poor eater in group A. He maintained his weight 
of 67 kg on an 80% diet, and so received only 0.44 mg of ribo- 
flavin per day. 

In the third subject (All) to develop an angular fissure, it 

ealed without therapy. The lesion had been present con- 

antly in varying degrees for 5 weeks. There was no recur- 
rence. 


Scrotal shin changes 

The appearance of redness, scaling and desquamations of 
^e superficial layer of the skin of the scrotum was first 
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observed in subject A8 in the 8tb month of the 0,55 mg diet. 
The skin of the anterior surface of the scrotum was markedly 
leddened. The lesion was discrete, bilateral, and not con- 
nected in mid-line. A similar lesion appeared in 12 of the 
15 subjects in group A betAveen the 8th and 10th month after 
the beginning of the 0.55 mg diet. It Avas most sevei'e in 
subject A5, appearing markedly reddened, raw and weeping, 
and extending to the adjacent areas of the thighs. Elevation 
of the scrotum and Avarm saline applications ameliorated the 
acute symptoms but marked erythema persisted, folloAved by 
induration of the skin. Three weeks after the onset of this 
condition the administration of riboflavin produced striking 
improvement within 48 hours, and all signs of inflammation, 
except for residual erythema, disappeared Avithin a week. 
The marked scrotal lesion of subject A8 responded equally 
dramatically within one Aveek after the administration of 
riboflavin. This lesion had been present for 6 weeks with 
little change before riboflavin was administered. 

The remaining 10 subjects showed various degrees of the 
lesions described, i.e., moderately severe to mild scrotal 
erythema and scaling*. Only a few of them complained of 
itching. 

After all of the lesions had appeared in the A group, three 
subjects in the B group developed a scrotal erythema with 
little or no scaling. This prompted an investigation of several 
hundred other hospital patients, who presumably were ade- 
quately nourished. Scrotal erythema, but no scaling, was 
found in a large percentage of those Avho Avere incontinent. 
The basic irritation of the skin of the subjects deficient in 
riboflavin was probably explained by poor hygiene. HoAvever, 
no bacterial or mycotic infection could be found. In the 
absence of adequate riboflavin, tissue repair became retarded 
and thereby the development of the more severe manifesta- 
tions of scrotal dermatitis was promoted. The possibility 
that cleaning agents used in the hospital laundry may have 
been a contributing factor was considered but not established. 
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Flicker fusion 

The threshold for flicker fusion, when tested at a distance 
of 6 feet from the source of flicker, sho^s'ed an increase in 
three subjects in group A: A4, A6 and A12. None of the 
subjects in group B showed similar changes. ^\Tieu in Sep- 
tember 1948, the testing was done at a distance of 12 feet 
from the source of flicker, all but one of the A group showed 
a marked increase as compared to the responses of the sub- 
jects in group B. 

DISCUSSION 

The report of Sebrell and Butler ( ’38) that signs of de- 
ficiency of riboflavin can be obtained at a riboflavin level of 
0.5 mg per day has been confirmed by the above ohsei'vations, 
iu which angular stomatitis was obtained at a level of 0.6 mg 
or less per day. The scrotal dermatitis we observed may be 
sunilar to that reported on the severe vitamin B complex 
deficiency diet used by Berryman et al. (’47). Whether or 
not these and the other ahnormaUties observed are specific 
signs of riboflavin deficiency is not certain. That riboflavin 
is necessary for the growth of tissue is generally agreed. Any 
local trauma to the skin must he repaired by new growth, 
^ill not the signs of deficiency, then, be partially dependent 
npon the need for riboflavin for local tissue replacement? 
If this is so, then the location of disorders of the skin wdll 
depend npon the presence of local irritations, infections and 
other traumas as primary causes. Thus a shght sore, orig- 
inally diagnosed as a common ‘‘herpes simplex,” became a 
fypical angular stomatitis ; an itchy scalp became a seborrheic 
dermatitis; and a sore nose which appeared in conjunction 
nnth a mild upper respiratory infection became inflamed, the 
inflammation spreading over the anterior portion of the sep- 
tum and a fissure appearing at the naso-labial fold. All these 
lesions were improved spectacularly when riboflavin was ad- 
niinistered after other therapy had failed. The same can be 
said of the scrotal dermatitis which was so prevalent in the 
subjects of group A, although the primary cause of this 
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particular lesion remains unknown. It may be that many of 
the “classical” signs of riboflavin deficiency are subject to 
controversy because the different patients observed had dif- 
ferent initial traumata or none at all. 

Consider the rats used in the present experiments. The 
control animals had occasional sores which came and went, 
but the sores which appeared in the deficient animals per- 
sisted. This was true for all wounds, including those which 
appeai'ed for unlinown reasons. 

The urinary excretions of riboflavin correlated well with 
the amounts of riboflavin ingested. About 25% of the amount 
of riboflavin in a diet containing 1.6 mg per day is exci’eted. 
Since the 24-hour excretion drops markedly to approximately 
10% when the intake of riboflavin is lowered to 1.1 mg per 
day, and remains at 10% for lower levels of intake, it can be 
suggested that the basal requirement for an adult is between 
1.1 and 1.6 mg per day (Hoi’witt et al., ’49). Emergency re- 
quirements during illness and for repair of tissue would 
necessarily be greater. 

Three of the subjects, Al, A5 and AS, who had the most 
severe lesions had auburn beards. This may or may not 
have been a coincidence, but it is thought-provoking to add to 
this fact the observation that the one subject (BY3) in the 
previous project in this laboratory (Horwitt et al., ’48, p. 55) 
who developed angular stomatitis is a distinct “red-head. 
For almost a year this man had been on a diet which provided 
0.75 mg of riboflavin per day. The significance of the rathei 
severe left oral lesion which spread over the left cheek was 
minimized because of a history of minor oral lesions which 
developed when the subject had been receiving riboflavin as 
a dietary supplement. This is another demonstration that 
such oral lesions per se are not necessarily due to riboflavin 
deficiency ; but when they become rvorse and do not hea 
readily until after riboflavin is provided, then ariboflavinosis 
is a proper diagnosis. 

The “yellow enzymes” are necessary in such a large num- 
ber of cellular reactions (Sumner and Somers, ’43) that i 
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is surprising that many tests of efliciency in addition to^ the 
flicker fusion test and iDsychological tests of mental fatigue 
have not produced positive results. The inability to find any 
changes in the metabolites in the body fluids may be because 
the cell, once matured, requires only a minimum amount of 
riboflavin. However, the rate of replacement of such cells 
^vith others may be dependent upon a more abundant supply 
of riboflavin, obtainable either from the diet or through the 
breakdown of less vital tissue. 

SUMMARY 

The effects of diets restricted in riboflavin but otherwise 
adequate were observed in 15 male subjects. Fourteen other 
subjects were observed simultaneously as controls. Depletion 
^th respect to riboflavin on a diet of 0.55 mg in 2,200 cal. 
^vas maintained for from 9 to 17 months, during which period 
angular stomatitis, seborrheic dermatitis, scrotal skin lesions, 
and diminution of ability to perceive flicker were observed. 

Simultaneous experiments in which the same diet was fed 
to rats confirmed the inadequacy of the diet. In these animals 
I’etardation of wound healing was conspicuous. 

Studies of the excretion of riboflavin in the urine suggest 
that the riboflavin requirement of a resting adult is between 
1»1 and 1.6 mg per day. reserve of riboflavin cannot be 
maintained on levels of intake below 1.1 mg. 

Since pi'evious studies revealed few abnormalities when the 
intake of riboflavin was above 0.6 mg per day, it may be 
concluded that allowances below this amount are insufficient 
to support normal tissue repair. The type of abnormality 
then encountered will be dependent upon the trauma, irrita- 
tion, infection or other injuries to which the tissues are 
subjected. 

Changes in the blood levels of lactic and pyi’uvic acids were 
not obtained on diets low in riboflavin, as opposed to the 
marked changes in carbohydrate metabolism observed during 
thiamine deficiency. 
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exti'a eai'bohydrate or extra fat is superimposed on 
an adequate diet, N is retained by the body (Cutbbertsou and 
Munro, ’37). Larson and Obaikoff (’37) made the interesting 
observation that time of ingestion is a factor in tbe protein- 
sparing action of extra earbobydrate. In tbeir experiments, 
•Jogs were brought into N equilibrium on a mixed diet fed once 
((aily and were tben given single feedings of additional earbo- 
bydrate. It was found tbat this extra carbohydrate induced 
E retention only when given within a 4-hour interval before 
or after the mixed meal. Prom these experiments it was con- 
cluded that proximity of the additional carbohydrate to the 
protein of the mixed meal was essential for the protein-sparino- 
effect to take place. 

_ In 1939, Cuthbertson and Munro extended the question of 
time relationships to the protein and carbohydrate contained 
in ordinary diets. Experiments were carried out with adequate 

‘This work was carried out during the tenure of a Rockefeller FeUowsIiip ad- 
luiuistered by the British Medical Research Council, Present address ; Biochemistry' 
department, The University, Glasgow, Scotland. 
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diets wliieh. could be separated into two portions, one contain- 
ing all or almost all of the carbohydrate and some of the fat 
of the diet, the other containing all of the protein and the re- 
mainder of the dietary fat. Four human subjects were studied 
and each received a constant daily amount of one diet through- 
out the experiment. When the carbohydrate-fat and protein- 
fat portions of the diet were eaten separately, the urinary N 
output was about 2 gTU greater than when the meals consisted 
of a mixture of these portions. An increased output of urinary 
N was also observed when a diet given to adult rats was sepa- 
rated into carbohydrate-fat and protein-fat meals (Cuthbert- 
son, MeCutcheon and Munro, ’40). The adverse effect on pro- 
tein metabolism produced by eating the carbohydi’ate-fat and 
protein-fat portions of a diet at different times was attributed 
to separation of the dietary protein and carbohydrate, and it 
was concluded that time of carbohydrate ingestion plays an 
important part in protein utilization under normal nutritional 
circumstances. This hypothesis seems of sufficient interest to 


justify more rigorous examination, with a view to finding out 
Avhether changes in time of carbohydrate ingestion can by 
themselves account for the alterations in N excretion observed 
in the separation experiments, or whether the simultaneous 
separation of some of the fat of the diet from the dietary pro- 
tein plays a part. Further experiments have accoi’dingly been 
carried out on adult rats, using an experimental design ui 
which the ingestion of only one dietary factor was varied at a 
time. These experiments show that a change in the time of 
carbohydrate ingestion can by itself cause altei’ations in N 
output. The effect is rather transitory. Changing the time of 
fat ingestion does not result in any significant alteration in N 
balance. The evidence for these conclusions follows. 


EXPERIMENTAL 

Adult male rats of the Spragoie-DaAvley strain were used. 
The diets consisted of purified ingredients — vitamin-free 
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casein,' coni starch, glucose,^ lard or corn oil,* vitamins, min- 
erals and roughage (wood flock) — and provided daily about 
400 mg N and some 1,000 to 1,200 cal. of metabolizable energy 
per square meter of body surface area (the latter was esti- 
mated using the formula of Lee and Clark, ’29). The animals 
drank only distilled water. 

The rats were fed twice daily, at 9 a.m. and at 5 p.m. The food 
was weighed with great care into non-spilling feeding dishes 
and was moistened with water. The moniing meal always con- 
tained the vitamins, minerals and wood flock of the diet in the 
form of a sup)plement ^ which also provided 0.83 gm carbo- 
hydrate, 0.28 gm fat and 3 mg N. The evening feed contained 
all the protein (casein) of the diet. Preliminary expeiiments 
showed that casein fed alone is unpalatable but is eagerly con- 
sumed if made into a paste with NaHCOs. Throughout these 
experiments the casein was therefore mixed with 0.15 gm 
NaHCOa, whether or not there were other constituents in the 
meal. The carbohydrate and fat (except for the supplement 
mentioned above) were mobile coirstituents of the diet, being 
given with either the morning or the evening feeding, accord- 
ing to the requirements of the experiment. The feeding* routine 
of a typical experiment (the first to be described) is shown in 
table 1. The total constituents of the diet were kept constant 
throughout the experiment, the only variable factor being* time 
of cai'bohydrate ingestion. During the first period all of the 
dietary carbohydrate and fat was given in the morning* feed- 
ing. In the second period, carbohydrate was transferred from 

‘ Labco. 

* Cerelose. 

* ilazola. 

" Two grams of the supinement contained 829 mg starch, 226 mg wood flock, 226 
»>g cod liver oil, 54 mg wdieat germ oil, 169 mg sodium chloride, 167 mg dicalcium 
phosphate, 112 mg potassium citrate, 77 mg calcium carbonate, 36 mg dipotassium 
phosphate, 19 mg magnesium carbonate, 7.5 mg ferric citrate, 590 /xg manganous 
sulfate, 80 /xg copper sulfate, 40 Mg potassium aluminum sulfate, 40 Mg cobalt 
chloride, 20 Mg potassium iodide, 20 Mg ziuc carbonate, 0.4 Mg sodium fluoride, 72.4 
uig Merckxs dry mix (25% choline chloride), 1.8 mg inositol, 900 Mg p*aminobenzoic 
acid, 360 Mg calcium pantothenate, 180 Mg nicotinic acid, 45 Mg thiamine hydro- 
chloride, 45 Mg riboflavin and 45 Mg pyridoxiiie hydrochloride. 
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the morumg to the evening feeding. During the third period 
(not included in table 1), the carbohydrate was transferred 
back to the morning’ meal, as in period I. This expei’hnent 
permits one to compare N balance when protein and carbo- 
hydrate are taken separately (periods I and III) with N bal- 
ance when they are eaten together (period II). In other ex- 
periments of similar desig’n, fat was the mobile constituent of 
the diet. 

It was clearly important in experiments mvolving the sepa- 
rate eating of two dietary constituents that a reasonable in- 
terval should elapse between the completion of one meal and 


TABLE 1 

Diet used in experiment 1 to study the effect of feeding carhohydrate separately 
from pj'otein (period I) and iogetlier with protein (period II) 



PERIOD I 

PERIOD n 


ilorning 

feeding 

Evening 

feeding 

Morning 

feeding 

Evening 

feeding 

Vitamin-mineral-roughage 

supplement 

Corn oil 

Glucose 

Casein 

A^aHCO, 

2 gm 

2.5 ml 
4gm 

2.0 gm 

0.1 0 gm 

2gm 

2.0 ml 

4gm 

2.5 gm 
O.lo gm 


the start of another meal. To ensure this, the feeding dishes 
were inspected at intervals throughout the day and if, as hap- 
pened on rare occasions, a rat could not be coaxed to clean up 
the morning feeding several hours before the evening meal, 
the residue was removed and given with the morning feeding 
on the following day. Rats consistently refusing food weie 
taken off experiment. There was never any difficulty in pci' 
suading the rats to clean up the evening’ meal quickly, once it 
had been appreciated that casein fed alone must be paitlj 
brought into solution with mild alkali in order to make i 
palatable. 

Throughout the experiments the rats were housed in meta - 
olism cages of the type used in this laboratory in the detei- 
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miiiatioii of the biological value of proteins. During the first 7 
days of each experiment the rats were fed tlie full amount of 
the diet but the urine and feces were discarded. After this 
preliminary period of adjustment to the diet, urine and feces 
were collected separately at 9 a.m. every day; urine was stored 
with the addition of strong HC’l. In most experiments analyses 
were made of the total urinary and fecal collections of 4-day 
periods. Two experiments were exceptions: in experiment 1 
daily urine collections were analyzed, and in experiment 7 
estimations were made on urine and feces collected over 7-day 
periods. Iron oxide was employed as a fecal marker to indi- 
cate the beginning and end of periods. 

Food, feces and urine ivere analyzed for total N by macro- 
Kjeldabl estimation; mercury was used as the catalyst and 
digestion of food and feces samples was continued for 4 hours 
after clearing of the solution. This period of digestion seems 
to be adequate. One sample of casein analyzed in this way was 
found to contain 15.64% of N on a moisture-, ash- and fat-free 
basis; this agrees reasonably well mth the average figure of 
15.73% obtained for casein by Chibnall, Eees and Williams 
(’43) after a critical investigation of ditferent catalysts and 
periods of digestion. Urine samples were digested for one 
hour after clearing. The data have been treated statistically 
and probabilities of less than 0.05 have been considered as 
likely to be significant, while values less than 0.01 have been 
regarded as highly significant. 

EESULTS 

1- Is protein utilization affected by the presence of 
carbohydrate at the same meal? 

Experiment 1. Pour rats with an average initial weight of 
‘i>gm were used. They received a diet containing 2.5 gm 
Piotein,, 2.5 gm fat and 4.8 gm carbohydrate, 4g'm of carbo- 
ijdrate (glucose) being mobile. The changes in diet during 
ne course of the experiment are shown in table 1, and the 
niean daily output of X in the urine is recorded in figure 1. 
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carbohydrate of the diet w?'^' " 

was therefore eaten senaratpl^'T “oniing- feeding and 
The outpnt of nrinarv N ' ^ 

ing this period Theif tl - i-easonably constant dur- 

peuod. Then the 4gm of mobile carbohydrate were 


a’S- N Output in 



of the evenino-^^^ coining feeding and given with the casein 

and after 4 days N outnuM ^O'^ever, quite transitory, 

averao-p nnir, f ^ I’Cgamed levels similar to the 

ThTn^^l ^ “ «*“'■= 1 t3' tto d«“«' 

the moi-nint^ f ‘^^ii’hohydrate was once more given in 

"rrcr S/ “I) “'■J N excretion responded 

by mcieasin„ markedly; this effect was also of short duration, 
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and within 5 days X output had fallen nearly to the average 
level of period I. 

Durhig the experiment feces were collected and it was pos- 
sible to comjiute the X balance of each rat for each period. In 
period I, when protein and carbohydrate were eaten sepa- 
rately, the mean daily X balance of the 4 rats was + 22.4 mg 
X; in period II, when protein and carbohydrate were taken at 
the same meal, it was + 41.5 mg ; in period III, when protein 
and carbohydrate were again separated, the mean daily X 
balance was — 4.2 mg. Analysis of variance shows that these 
mean values differ from one another significantly^ (for the 
difference between periods I and II, P = 0.05—0.02 ; for the 
difference between periods I and III, P = 0.02—0.01 ; and for 
the difference between periods II and HI, P is less than 0.01). 
A point of some interest is that, taking the mean daily X bal- 
ance of period I as a base line, the extra X retained during the 
6 days of period II amounted to 114.6 mg per rat, while the 
extra X excreted during the 5 days of period HI was 133.0 mg. 
The fact that these figures are of the same order of magnitude 
suggests that the X retained when carbohydrate and protein 
were associated in period H was all eliminated again when the 
times of carbohydrate and protein ingestion were separated in 
period HI. 

Experiments 2, 3 and 4. Three confirmatory experiments ® 
were carried out along the same lines as experiment 1, except 
for two points. First, only one dietary change was made, from 
carbohydrate and protein fed separately to carbohydrate and 
protein fed together. Secondly, a control group of rats received 
the diet without any change being made in the order of feed- 
ing during the experiment. In experiments 2 and 4 the diet 
was the same as that used in experiment 1 ; in experiment 3 the 
fat was reduced to 2.1 gm and the carbohydrate to 4.3 gm, and 
only 3.5 gm of glucose were transferred from the morning to 
the evening meal. Table 2 gives the mean daily X balances 
computed for 4-day periods beginning after the rats had been 

• A further experiment along these lines had to be abandoned because the control 
group showed a significant improvement in X balance during period II. 
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on the diet with carbohydrate and protein fed separately for 
one week. The time at which the mobile carbohydrate was fed 
during each period is indicated in the table by the composition 
of the evening meal. 

All three experiments demonstrate that N balance improves 
when carbohydrate is transferred from the protein-free meal 
to the protein-containing meal without altering the total con- 
stituents of the diet. In each experiment the effect is statisti- 
cally significant by comparison with the behavior of N balance 
in the corresponding control group. In experiments 2 and 3, 
carbohydrate and protein were fed together for two successive 
Aday periods (periods II and III) ; in experiment 2 the bene- 
ficial effect on N balance was limited to period II and in ex- 
periment 3 it was mainly confined to period II. Thus the as- 
sociation of carbohydrate and protein at the same meal does 
flot result in a pei’manent improvement in X balance. This 
finding is in agreement with the results of experiment 1. 
Experiment 4 includes an additional feature. During period 
the effect of transferring carbohydrate from the protein- 
ic to the protein-containing meal was compared with the 
effect of adding the same amount of carbohydrate (4 gm glu- 
cose) to the diet along with the protein meal. The added 
i^'hohydrate had the same effect on X balance as the traiis- 
erred carbohydrate, which indicates that the essential condi- 
lon causing X retention is the association at the same meal of 
protein and carbohydrate. It should be added that X balance 
was studied in the second group for a further 8 days and it 
''as found that the addition of supplementary carbohydrate to 
. ® c'^ciiing meal resulted in a more prolonged improvement 
in X balance than could be achieved by simply transferring 
carbohydrate from the morning meal. 

•2. Is protein utilization affected hy the presence of 
fat in the protein meal? 

^ experiment 5, the effect of trans- 

ernng fat from the protein-free meal to the protein-containing 
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meal was compared with the effect of a similar transfer of 
carbohydrate. In experiment 6 these transfers were carried 
out in the opposite direction. The diet in each expernnent was 
the same as that nsed in experiment 1 ; 2.2 gin corn oil and 4 gni 
glucose were the mobile constituents. 

In experiment 5 the rats were divided into three groups, 
each of which started by receiving all the dietary constituents 
except the protein in the morning meal. The mean daily N 
balances for the first 4-day period of collection (period I) are 
given in table 3. During’ the next 4 days of the experiment 
(period II), the first group were given the mobile fat in the 
evening meal. The second (control) group received the diet 
as fed during period I, and for the third group the mobile 
carbohydrate was transferred to the evening meal. Comparison 
of the mean N balances during periods I and II shows that the 
balances were slightly less favorable during period II in the 
case of the control group and the group receiving fat in the 
evening meal, but the group receiving carbohydrate with the 
protein of the evening meal had a significantly better N balance. 

In experiment 6, in which the procedure was reversed, N 
balance was not affected by transferring fat from the evening 
to the morning meal, whereas N balance was adversely affected 
by a similar change in the time of carbohydrate ingestion 
(table 3). This difference in the behavior of the two groups is 
statistically highly significant. 

Experiment 7. This comprises a series of three successive 
studies in which carbohydrate or fat or both were removed 
from a protein-containing meal. The diet supplied 2.8 gm pro- 
tein, 2.3 g’m fat and 6.5 gm carbohydrate. In each experiment 
the rats began by receiving 1.5 gm of the dietary fat (as laid) 
and 3 gm of carbohydrate (equal parts starch and glucose) la 
the evening meal with the protein of the diet. After the usual 
preliminary period, urine and feces were collected for 7 days 
(period I) . During the next 7 days (period II) the three groups 
of rats received the diet arranged in different ways. In the fiis 
group, the fat was transferred from the evening meal to the 
morning’ meal, leaving the carbohydrate still in association 
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period I. The third group received the fat two and one-half 
hours before the feeding of protein, and here also no improve- 
ment in N balance resulted. The rats in both of these groups 
consumed the mobile fat within 10 minutes of being offered it. 
The 4th group of rats were given the mobile carbohydrate in 
the evening meal during period II, and in this group the usual 
improvement in N balance was observed. Comparison of the 
mean N balances during period II after adjustment by co- 
variance for differences in N balance during period I shows 
that the behavior of the 4th group is significantly different 
from the behavior of the other three groups (P = 0.05-0.01). 

DISCUSSION 

In experiments 1 through 4, the rats first received a diet 
with the protein given apart from the other constituents and 
then they received the same diet with most of the carbohydrate 
fed along with the protein. The immediate effect of this change 
in the time of feeding carbohydrate was a considerable im- 
provement in N balance. This finding confirms the hypothesis 
proposed in earlier papei’s (Cuthbertson and Munro, ’39; 
Cuthbertson, McCutcheon and Munro, ’40), namely, that pro- 
tein utilization is affected by the presence of carbohydrate m 
the same meal. 

In our earlier experiments, attempts were made to deter- 
mine the duration of the disturbance in pi’otein metabolism 
caused by separating dietary protein and carbohydrate, but 
they were defeated by loss of appetite. The pz’esent experi- 
ments have not been complicated by this factor, probably be- 
cause a more complete vitamin mixture was offered. Experi- 
ments 1 through 3 shoiv that the disturbances in N balance 
produced by feeding carbohydrate together with protein are 
quite temporary, N output returning to its former levels witbm 
a few days of a change being made in the time of feeding tbe 
carbohydrate. This does not mean that thereafter carbo- 
hydrate fed with protein ceases to have any effect on protein 
metabolism; if the dietaiy carbohydrate and protein are sepa- 
rated again, there is an immediate loss of N roughly equivalent 
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to the amount retained when carbohydrate and protom \\eie 
first taken together (fig. 1). This observation indicates t lat 
the continued feeding of carbohydrate with protein is neces 
saryin order to prevent the retained material from being ost 
again. 

One possible explanation of these phenomena is that the> 
are due to variations in the amount of labile protein in the body, 
especially labile liver protein. It has been established that 
the amount of protein in the liver is considerably influenced 
by protein intake, and that the effect of changing from one 
dietarv protein level to another is nearly complete within a 
few days (Addis, Poo and Lew, ’36 ; Kosterlitz, ’17). The im- 
provement in protein utilization brough.t about by taking cai- 
bohydrate along with protein is presumably equivalent to an 
iacrease in protein intake and causes a rapid deposition of 
labile protein in the liver until an equilibrium between syn- 
thesis and catabolism has been reached. The attaining of this 
equilibrium is indicated by the return of N balance to noimal 
levels. If the carbohydrate is then removed from the protein- 
containing meal, conditions for protein synthesis become less 
favorable and labile protein is discharged until a new equilib- 
rium between synthesis and catabolism is attained. While it 
seems likely that changes in the amount of labile liver piotein 
could account for the N balance phenomena of these experi- 
ments, one cannot exclude the possibility that other synthetic 
aspects of protein metabolism are favorably influenced by tak- 
ing carbohydrate with protein. Cuthbertson, iIcCutcheon and 
Itunro (’40) did not observe any appreciable difference in 
growth rate between rats receiving a diet separated into pio- 
teiu-fat and carbohydrate-fat portions and I'ats receiving the 
same diet in mixed form. Geiger (’48) has pointed out, how- 
ever, that the growth rate in these experiments may have been 
limited by factors other than protein intake. Using a diet 
which supported better growth, he has been able to demon- 
strate a retardation of growth rate Avhen protein and carbo- 
hydrate were separated by division of the diet into two 
portions. It would he desirable to study the question of growth 
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further, using an experimental design similar to the one de- 
scribed in the present paper, in which time of carbohydrate 
ingestion is the only variable. 

Experiments 5 through 7 show quite clearly that no signifi- 
cant change in N balance occurs when the time of fat ingestion 
is altered to coincide "with or differ from the time of taldng 
protein. The possibility that the fat is too slowly metabolized 
to spare protein taken at the same meal is excluded by experi- 
ment 8, in which fat was taken one and one-quarter and two 
and one-half hours before the protein meal, without affecting 
N balance. Each of these experiments included a group of rats 
for which a corresponding change in the time of carbohydrate 
ingestion was made, and these animals showed sigaitficant alter- 
ations in N balance. Furthermore, the calories provided by 
the mobile fat were greater than those provided by the mobile 
carbohydrate in each of the experiments. We can therefore 
conclude that fatty acids do not act lilfe carbohydrates in spar- 
ing protein given at the same meal. It is, of course, possible 
that the glycerol of the fat may exert the same effect as carbo- 
hydrate, but the amount present in the mobile fat of these 
experiments was too small to make such an effect likely to be 
detected. An additional conclusion from these experiments is 
that the giving of fat along with protein does not impair^ N 
balance. This excludes the possibility, inherent in our eai'Iier 
experiments on man and the rat, that separation of diets into 
protein-fat and carbohydrate-fat portions may affect protein 
metabolism adversely because of the fat in the protein-fat 
portions. 

SUMMABY 


1. Adult male rats were first given a diet with the protehi 
fed apart from the carbohydrate and then the same diet with 
most of the carbohydrate fed along with the protein. The im- 
mediate effect of this change in the time of feeding carbo- 
hydrate was a considerable improvement in N balance. Aftm 
a few days, however, N balance returned to its original leve . 
Subsequent separation of the times of ingestion of carbo- 
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hydrate and protein caused a transient impairment of N bal- 
ance. It has been concluded that protein utilization is affected 
by the presence of carbohydrate in the same meal. 

2, iSTo change in N balance M^as observed in experiments in- 
volving similar alterations in the time of feeding fat. The 
giving of fat a short time before the protein meal was also 
mthout effect on N balance. 
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111 1941 Sure and Dicliek demonstrated that riboflavin pro- 
duces a most pronounced effect on economy of food utilization, 
and that the increases in body gains are derived mainly from 
fats and to a lesser hut appreciable extent from proteins. 

EXPERIMENTAL 

In the present communication the authors are reporting on 
the role of pyridoxine in economy of food utilization. Twenty- 
four male and 24 female albino rats were depleted of pyri- 
doxine. The criteria for detecting symptoms of pyridoxine 
deficiency were dermatitis associated with alopecia and rough, 
sticlcy hairs (Glybrgy and Bckardt, ’39; Antopol and Unna, 
’42). "We did not encounter any of the convulsive symptoms 
described by Chick et al. (’40) and by Daniel and associates 
(’12). In 26 to 59 days 15 rats, 10 males and 5 females, de- 
veloped the typical dermatitis-alopecia symptoms and were 
used for this study, which from the start was conducted as a 
series of controlled feeding experiments. In each pair of 
animals the positive control, which received daily 25 pg of 
pyridoxine, was allowed the same amount of food consumed 
by its litter mate, which received no pyridoxine. The food 

^Kesearcli paper no. 875, Journal Series, University of Arkansas. Published 
^vith the approval of the Director of the Arkansas Expeiriment Station. An 
abstract of this paper was presented before the American Institute of Nutrition 
at Detroit, Michigan, April 20, 1949. 
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intake was balanced 4 times weekly. The animals at the 
beginning of the experiments were 26 to 30 days of age and 
each weighed 45 to 48 gm. 

Cereeedo and Fay ( ’44) demonstrated a relationship between 
pyridosine and protein. They found rats on a low piotein, 
pyridosine-deficient diet to be quite resistant to pyiidoxme 
avitaminosis, and that on diets high in casein the acrodyma 
appeared at an earlier period and was more severe than on 
diets low in casein. We chose a diet of the following composi 
tion in parts pei- 100: casein,^ 30; cellu flour, 2; salts no. 
(Sure, ’41), 4; vegetable shortening,® 5; cod liver oil, 3; and 
sucrose, 56. Bach animal received daily 6 times weekly, sepa 
rate from the ration, the following crystalline components o 
the vitamin B complex : 25 pg thiamine, 25 ag riboflavin, - Mo 
niacin, 150 iig calcium pantothenate, 3 mg p-amino enzoic 
acid, 6 mg choline chloride, and 1 mg inositol. The posi ive 
control rats received in addition 25 ag of pyridoxine 

Each pair of animals was sacrificed at the end of the vi amin 
depletion period (table 1, column 2) when the pyridomne ae- 

ficient rats developed the typical dermatitis-alopecia-stickyana 

rough hair symptoms and were analyzed for pro ein p 
6.25), fat, moisture, and ash according to the tec ^^9^® P 
viously described (Sure and Dichek, ’41). In ^ 
male and 24 female rats of the same initial ages , 

were taken one week after weaning from stocc le s 
analyzed for protein, fat, moisture, and ash. From tec 
compositions and body weights at the beginning nnc a 
end of the experimental periods, the chemical composi lo 
body gains was computed. The results are summaiize 


table 1. o-vpat 

It is apparent from this table that while tlieie i ° 

variations among- the different groups of animals in e p 
at which symptoms of pyridoxine deficiency bepn^ o 
dent, and in the rates of growth of ^ lOO 

control animals, the increased gains in body weig P 


^Smaco brand. 
- Crisco. 
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gni of food intake of the litter mates which received 25 pg of 
pyridoxiae daily are striking in every case. The gain in body 
weight per 100 gin of food intake, which expressed the re- 

T.VBLE 1 

UoIg of i^yridoxinc In economy of food utilisation 
(P = pathological ; JIC = rcstri<;(e<f control) 


PKSllOD 

PAIR 

VITAXXIJf 

DEPI.E. 

TIOK 

OUANGES 

IK 

BODY 

WEIGHT 

TOTAL 

roop 

INTAKE 

GAIK IS 

weight 
Pt:ii 100 
G^[ rOOD 
INTAKE 

chemical composition 

OF BODY Gains 

F.\T 

ASH 

PBOTEIK 


dai/g 

ffm 

om 

gm 

gm 

firm 

gm 


26 

-f 12 

157.3 

7.6 

+ 0.98 

+ 1.46 

-f 2.50 

HCc? 


40 

165.3 

27.9 

+ 4.15 

+ 2.o6 

+ 10.68 

2 PtJ 

34 

+ 17 

230.2 

7.2 

— 3.20 

+ 1.23 

+ 3.81 

ECc? 


+ 78 

257.7 

30-2 

+ 6.30 

+ 2.00 

+ 16.90 

3 E(? 

33 

+ 26 

227.6 

11.4 

— 2.14 

+ 1.90 

+ 6.22 

ECc? 


+ 07 

232.6 

28.8 

+ 8,10 

+ 3.18 

+ 15.10 

i 

42 

+ 18 

272.8 

6.6 

— 0.06 

+ 2.42 

+ 6.82 

EGc? 


+ 64 

288.2 

22.2 

+ 10.43 

*+ 3,d9 

+ 15.08 

5 Pc? 

40 

+ 50 

298.3 

16.8 

— 1.70 

+ 2.20 

+ n..58 

HCc? 


+ 90 

303.0 

29.7 

+ 11.18 

+ 3.40 

+ 17.62 

6 P5 

47 

+ 23 

295.0 

7.8 

— 0.32 

+ 1.17 

+ 6.41 

EG 2 


+ 54 

302.0 

17.9 

+ 11.15 

+ 2.55 

+ 11.65 

7 Pd* 

49 

+ 42 

338.4 

12.4 

— 2.4-i 

+ 2.80 

+ 11.81 

ECc? 


+ 95 

346.0 

27.4 

+ 7.54 

+ 4.72 

+ 25.60 

8 Pd* 

47 

+ 33 

275.6 

12.0 

— 2.70 

+ 1.90 

+ 7.89 

HO 


+ S3 

278.7 

29.7 

+ 3.99 

+ 3.29 

+ 15.80 

9 Pd- 

51 

+ 23 

300.0 

7.7 

— 3.70 

+ 2.34 

+ 9.58 

ECd- 


+ 82 

301.0 

27.2 

+ 7.31 

+ 3.16 

+ 16.57 

10 

52 

+ 62 

381.4 

16.3 

+ 4.52 

+ 3.29 

+ lo.lS 

RCd 


+ 98 

381.2 

32.6 

+ 10.91 

+ 3.42 

+ 22.96 

11 P<? 

51 

+ 65 

384.3 

16.9 

+ 1.24 

+ 3.32 

+ 12.03 

EC d 


+ 98 

391.9 

25.0 

+ 7.76 

+ 4.93 

+ 23.07 

12 P2 

52 

+ 43 

366.3 

11.7 

— 0.48 

+ 2.08 

+ 10.47 

EC 2 


+ 70 

375.2 

18.7 

+ 12.17 

+ 3.30 

+ 15.97 

13 P2 

59 

+ 60 

431.3 

13.9 

+ 3.64 

+ 2.71 

+ 14.34 

EC 2 


+ 89 

427.1 

20.8 

+ 7,38 

+ 3.88 

+ 21.65 

14 P 2 

54 

+ 23 

282.0 

8.2 

— 3.31 

+ 1.80 

"1^ 6,71 

EC 2 


+ 55 

278.4 

19.8 

+ 6.12 

+ 2.52 

+ 11.99 

13 P2 

63 

+ 

427.5 

15.2 

+ 6.09 

+ 3.00 

+ 14.90 

EC 2 


+ 90 

428.3 

21.0 

+ 7.36 

+ 4.25 

+ 21,43 

Average P 


37.5 

325 

11.4 

— 0.24 

+ 2.24 

+ 9.34 

EC 


75 9 

312 

25.2 

+ 8.12 

+ 3.40 

+ 17.47 
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quirements for maintenance and growth, was the yardstick 
Ave nsed for evaluating economy of food utilization. 

Averaging the results for 15 paired feeding experiments 
on the same food intake, 25 ^Jg• of pyridoxine daily produced 
a 121% increase in economy of food utilization, an increase 
of over 800% in fat synthesis, an increase of 86% in protein 
synthesis, and an increase of 51% in the minerals in the 
animal body. 

SUMilABy 

Pyridoxine produces a marked effect on economy of food 
utilization. The increases in body gains are due largely to 
fat and protein synthesis and, to a less but appreciable extent, 
to increases of minerals in the animal body. 
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(BeceEed for publication July 12, 19-19) 

Recent reports Rave ascribed to vitamin ® 
role in preventing fatal liver necrosis in la s. abont 

found tLt rats died ivitb extreme liver damage after about 

6 weeks on a diet containing Ibfo of alkali- ^ tocopb- 
Tbe liver damage and deatli were prevented by 
erol, or by replacing the alkali-treate casein 

purified by tbe usual methods. T e amaoS produced 
appeared to be tbe massive hepatic necrosis 

by Himswortb and Glynn (’44) 

diffuse hepatic fibrosis, and preventable y cy 

"'cyorgy and Goldblatt (’49) noted that massive hepatic 

neciosifdeveloped in about 40^. of adult rats kept on a low 
neciosis aeveiopea included, but in later experiments 

casein diet when lard was inciuut: > „„ 4 .-fr.-n 

less damage s.as seen 

seed oil'- was the fat source. This difference m results was 

the Director of the Alabama Agricultural 
‘Pubhshed u-ith the “PP ;/this .ork tvas given at the annual 

E^penment Station. Societies for Experimental Biology, Alarch 
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of B complex vitamins. 
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attributed to the tocopherol eoutent of the cottonseed oil. 
Direct experimental comparison of these results with the in- 
fluence of tocopherol given rats on the low casein-lard diet 
was tried in one experiment by these investigators. The re- 
sult, while suggestive, was difficult to evaluate since necrosis 
was seen in only three of the 18 rats not receiving tocopherol. 
In a second experiment with yeast as the source of protein, 
the tocopherol effect was clearly evident. 

The observations of Schwax’z (’44) relating' to alkali-ti'eated 
casein could not be duplicated by Gybrg'y and Goldblatt (’49), 
although an apparently identical experimental technique was 
used. Hove (’46a, ’49) twice tried to repeat the findings of 
Schwarz, using both albino and hooded strains of rats, but 
was unsuccessful in both cases. Furthermore, Hove (’46b) 
reported the absence of gross liver damage in adult rats 
maintained for 20 weeks on a 5% casein, vitamin E-low diet, 
although alpha-tocopherol was dramatically effective in con- 
serving body weight. 

In view of the negative and variable results obtained pre- 
viously, it came as a surprise to note in the experiments 
presently reported the death of a majority of the rats re- 
stricted to a 10% casein, vitamin E-low diet, while complete 
protection was given by vitamin E. Necrosis of the liver was 
seen in nearly all of these rats. Of great significance may be 
the observation that death was accompanied, and possibly 
caused, by massive lung hemorrhage. 

EXPERIMENTAL 

Diet and animals 

The vitamin E-low diet (E-20) used for most of the woik 
herein described had the following percentage composition, 
water-washed casein 10 (Salmon, ’47), sucrose 56, salt mixtuie 
4 (Salmon, ’47), lard 19, cod liver oil IT. S. P. 1, vitamin pi6" 
mix 10. The latter consisted of pure vitamins mixed with 
sucrose to supply the following levels per gram of die . 
thiamine, riboflavin and pyridoxine, 5 qg each ; calcium panto- 
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tbenate 20 pg ; niacin 40 ng ; choline chloride 2 mg ; i-inositol 
0-2 mg; and menadione 2 pg. 

In one of the experiments oxidized casein was used as the 
protein source. Tliis was prepared by a method similar to 
tiiat described by Toennies (’42) but differing in that 3% 
hydrogen peroxide was used instead of the recommended 30%. 
The more dilute hydrogen peroxide is equally effective in 
destroying methionine and tryptophan, and the reaction pro- 
ceeds more smoothly and with less terminal foaming. The 
water-washed casein of the basal E-low diet was replaced by 
oxidized casein at a 16% level and the diet was supplemented 
with 0.3% of DL-tiyptophan. The sucrose level was reduced 
in order to maintain all other ingredients at standard levels. 

Over a period of a year, litters of hooded rats of the Alabama 
Experiment Station’s high-choline-requiring strain were ob- 
tained from the stock colony at three weeks of age and at 40 
to 50 gm in body weight. These were placed on the basal E- 
low diet (E-20), with about a third of each litter receiving- 
ling of dl-alpha-tocopherol weekly as an olive oil solution 
given orally. In more recent experiments dl-alpha-tocopherol 
acetate was added to the cod liver oil at a level to furnish 1 mg 
of vitamin E per 10 gm of diet. The experiments were con- 
tinued until the death of the experimental animals, or for at 
least 100 days. 

RESULTS 

Description of the acute vitamin E deficiency 

Over 75% of the male rats died after an average of 10 
weeks on the vitamin E-low, 10% casein basal diet. No deaths 
occurred among the control rats receiving alpha-tocopherol 
(table 1). Female rats appeared to be much less sensitive to 
the lack of vitamin E, in that only 5 out of 15 females died 
on the basal E-low diet. These are not included in the averages 
given in table 1. 

Prior to death the existence of a vitamin E deficiency was 
evidenced by the blanching of the incisor teeth and by the 
somewhat slower growth rate. In 5 cases in which the death 
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froi^rfew Wood flecfe * “ convulsions. Aside 

of iemorrhage was «s‘«nal evidence 

massive luno he Join 1 Meropsy a higi incidence of 

bladdeJwas distent The 

large amount ot lott edtaenf ““ “ 

smaller than those of somewhat 

ose of the controls receiving- tocopherol. The 


TABLE 1 

Fatal vitamin, E deficiency among weanling male rats fed the 
10% casein basal diet (E-20) 


CATEGORY OP 

interest 


SUPPLEMENTS OF ALPHA TOCOPHEROL 


Number of rats 
Number of spontaneous deaths 
Average number of days on diet 


Liver (% of body weight) 

Site 

Testes (% of body weight) 

NZh'/ 1 

r o rats with massive lung hemorrhage 
Growth rate for 6 weeks (gm/rat /day) 


None 

7 mg weekly 

51^ 

32 

37 

0 

71 

100 

5.0 

4.2 

3.8 

4,4 

1.7 

1.9 

31 

0 

28 

0.9 

0 

1.3 


weeks to determine 'Xett'eTT^r experiment between the 8th and the 12th 
remaining non-fatalities are still'on 7he e 5:’£ 


remaining non-fatalities nv n-n^ lesions were progre 

are still on the diet after more than 250 days. 

evidenHAQ^^^^^^mi.^’ kidney, and spleen showed no grossly 
ions. The abdominal cavity was free from excessive 

blood ill figure 1, the lungs were engorged with 

exteir^ivp (table 1). This condition was 

raf<t rpL considered the cause of death in these 

of tiio ^ normal grossly except for some congestion 

pvidpnt^^?^^!'^ ''vessels, and in two cases scar tissue was 
mi,„ i- ^ ^igc vessels appeared somewhat distended, 
rpiit g-rossly damaged in 31 of the 37 fatal cases, 

sui ace was smooth but showed a mai*ble-like mosaic 
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caused by dark and light areas ranging up to 1 cm in width 
and uivolving all lobes. In extreme cases the surface of the 
hght-colored areas was depressed. The weight of the liver 
relative to body weight was somewhat greater than that of 
the controls receiving vitamin E. The average fat content 
(fresh basis) of 6 damaged livers was 3.8%, while for the 
tocopherol-supplemented rats the liver fat was 4.4% (table 1). 
The moisture content was 69.1 and 69.8%, respectively. 

The thymus gland was invariably rust colored, with small 
dark areas. The brain was normal in the gross. The pos- 
terior lobe of the pituitary was rust colored in a few cases. 

Histological description of the lesions 
The lung tissue of the rats that died due to acute vitamin 
E deficiency retained its normal architecture, but the inter- 
alveolar tissue was packed with red blood cells. There was 
marked distention of the large and small blood vessels. In 
some areas the alveoli were filled with red blood cells, as 
is shown in fignre 2 ; for comparison, a section of lung from 
a control rat is shown in fignre 3. There was no evidence of 
lung infection. The lack of organization of the red blood cell 
accumulations indicated that this condition was acute and 
could have been the cause of death in the animal. The pe- 
ripheral subcutaneous blood vessels were also distended, as 
is shown in figure 1. 

Microscopic studies of the slides prepared from the livers 
of the vitamin E-low rats revealed an extensive necrosis of 
centrilobular origin. The nature and extent of the necrosis 
is shown in figure 5. In most cases this type of necrosis 
occurred extensively in all lobes of the liver. In less wide- 
spread cases the damage was confined to smaller areas of 
certain lobes, and some lobes were fairly normal in appear- 
uuee. In 7 cases entire lobes of the liver seemed to have 
undergone massive necrosis (fig. 6), and other lobes of the 
same liver showed patchy centrilobular necrosis with large 
areas of normal tissue. In three of the experimental animals 
large areas of the liver parenchyma were completely de- 
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stroyed and in some areas regeneration had occurred, which 
resulted in changes in the architecture of the liver, as is 
shown in figure 7. The livers of the control rats receiving 
vitamin E were normal (fig. 4), There was no indication of 
significant fat accumulations in these livers. No significant 
pathologic changes were observed in microscopic examination 
of tissues taken from other oi’gans. 


TABLE 2 

The relation of various supplements to the fatal vitamin E deficiency disease 


VARIATION IN 

LOW CASEIN DIET 

NUMBER OF: 

Hats Deaths 

TIME 

OF 

DEATH 

GROWTH 
RATE IN 

6 WKS. 

Added casein (to 16%) 

20 

0 

days 

gmlday 

3.9 

DL-methionine, 0.1% 

5 

4 

58 

1.3 

L'Cystine, 0.1% 

5 

2 

85 

1.6 

Theophylline, 0.1% 

5 

5 

54 

0.7 

Low calcium ^ 

4 

4 

63 

0.1 

Low potassium * 

4 

4 

58 

0 

High calcium ® 

4 

2 

86 

0.2 

High potassium ^ 

4 

4 

65 

0.5 

None 

4 

3 

67 

0.8 


^ Salts of these elements were omitted from the diet. 

^ The carbonates of these elements were added to the diet at the expense o 
sucrose to double the normal supply. 


The relation of protein to the fatal vitamin E deficiency 

When the casein in the vitamin E-low diet was increased 
to 16% at the expense of the sucrose, all other ingredients 
remaining constant, death and the hemorrhagic syndrome di ^ 
not occur. A large group of rats have been maintamed foi 
15 months on such a diet, and the only benefit resulting fioni 
the vitamin E supplement given to the controls has been t e 
maintenance of noi-mal tooth color, better muscle tone, an 
greater maximum body weight. 

Little if any benefit was derived from the addition to e 
low casein diet of L-cystine or cL-methionine at levels o 
0.1%. The data shown in table 2 indicate that death 'vi 
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typical symptoms ensued, althougli the severity of the con- 
dition may have been lessened somewhat by the cystine addi- 
tion. It may also be noted in table 2 that theophylline was 
completely inactive. Neither the omission nor the doubling 
of the calcium or potassium content of the diet affected the 
course of the fatal vitamin E deficiency (table 2). 

Data confirming the non-effectiveness of DL-methionine in 
preventing the fatal vitamin B deficiency are given in table 
3. On a diet containing 16% of oxidized casein and supple- 
mented with 0.3% DL-tryptophan, young rats lost weight 

TABLE 3 

The occurrence of the fatal vitamin E deficiency on a 16% oxidized casein 
diet supplemented with methionine and 0,3% Dij-tryptophan 


AT.PHA TOCOPHEROL* SUPPLEMENT 


DL-iIETHIONINE 

ADDED 

TO diet 


None 



7 mg weekly 


Number 

of 

rats 

Number 

of 

deaths 

Growth 

rate 

(6 wks.) 

Number 
of male 
rats 

Number 

of 

deaths 

Gro^vth 

rate 

(6 wks.) 

% 



gm/day 



gm/day 

0 

3 

3^ 

— 0.6 

3 

3" 

— 0.7 

0.25 

6 

3 

0 

4 

0 

0 

0.50 

3 

3 

0.9 

3 

0 

1.3 

1.00 

3 

2 

1.6 

3 

0 

2.0 


' The rats in these groups TS’ere all dead by the 5th iveek. 


I’apidly and died in 4 to 5 weeks. Vitamin E supplements did 
not influence this course. None of these rats showed gross 
pathological lesions of the liver, lungs, or other organs. With 
0.25% of DL-methionine added to the diet, body weight was 
maintained hut no growth occurred. Three of the 6 rats 
ivithont vitamin E died before the 10th week on this diet; 
typical lung and liver lesions were present. With 0.5% of 
methionine added to the diet, growth was considerably better, 
especially with supplements of alpha-tocopherol; but all rats 
iinthout vitamin E died with tyrpical vitamin E deficiency 
lesions between the 8th and 10th weeks. With 1.0% of methio- 
mne added to the diet, growth was even better; but death 
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still occurred among the vitamin E-free group. It is to be 
noted that this diet contained no cystine. 

The effect of the dietary fat level on the fatal 
vitamin E deficiency 

The basal diet used in the preceding work contained 20^ 
fat. To determine the etfeet of the dietary fat level on tie 
incidence and severity of the fatal vitamin E deficiency, an 
experiment was set up using diets with fat levels ranging 
from 5% to 40%. Groups of 4 weanling male rats were 
placed on each of these diets. The results, as given in table 


TABLE 4 

The relaiion of the fat content of the 10% casein diet to the fatal vitamii 
E deficiency in weanling 7nale rats 


DIETARY 
FAT ' 


NU1£BEU OF : 


average 
time of 
death 


average growth 
rate IK 
4 WKS. 

gm/dafj 

1.5 

1.3 

1.1 

0.9 


^ The fat in the diet consisted of 1% cod livei* oil with the remainde 


4, show that the fat level in the diet did not have a 
influence on the incidence and severity of the fata ^ ^ 

deficiency. The casein levels of the diets were all kept at i / 
and not balanced isocalorically with the fat leve , , 

account for the higher growth rate at the lowei a 


DISCUSSION 

The development of fatal vitamin E deficiency 
depends upon the simultaneous deficiency of some su 
prLent in casein. Schwarz (’44) removed the 
factor by an alkali extraction, and though this 
has been unsuccessful in this level 

have been obtained by using a low (10%) h ^ 
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of water-washed easoiu. Cystine and methionine appear not 
to be the sole factors present in casein. However, it .should 
be emphasized that supplements of cystine or methionine 
higher than 0.1% in the 10% casein diet w'ere not tried; at 
this level cystine appeared to give some protection, but 
methionine was inactive. Using- higher levels, Gybrgy and 
Goldblatt (’49) noted partial protection by either cystine or 
methionine, wUile Himsworth and Glj'nn ( ’44) obtained com- 
plete protection with cystine added to a basal diet containing 
traces of alpha-tocopherol furnished by peanut oil. In pre- 
vious work Hove ( ’48) noted that methionine added at a 0.1% 
level to a diet of the same composition as that used in the 
present work was able to replace alpha-tocopherol for the 
protection of rats against death due to an acute CCh toxicity. 
Theophylline was also a good protector against CC'h, but in 
the present work, at the same dietary level, it was of no 
benefit. Schwarz ( ’44) obtained no protection against the 
fatal liver damage from either cystine or methionine but he 
did observe that xanthine could replace alpha-tocopherol in 
this function. 

The precise interrelation of the sulfur amino acids, purine 
bodies, and alpha-tocopherol as they relate to liver damage, 
lang hemorrhage, and organic solvent toxicity is confused at 
present. A considerable amount of further study is required. 
The question may be raised of whether rats restricted to a 
10% casein basal diet have, in fact, developed a true vitamin 
E deficiency. The multiplicity of symptoms ascribed to a lack 
of vitamin E in various species makes this difficult to answer ; 
but if blanching of the incisor teeth and a slight retardation 
m the growth rate are accepted as valid criteria, then a vitamin 
E deficiency can be said to develop wdthin the first few weeks 
on the diet. This has been observed previously by Hove and 
Ilai’ris (’47), 

The ultimate cause of death in the fatal vitamin E deficiency 
is unknown. Either the massive lung hemorrhage or the liver 
necro.sis may have been sufficient to produce death. The ab- 
sence of repair processes and fibrosis in the hepatic architec- 
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ture except in a few cases, and the iiormal nature of the lungs 
of animals killed for examination, indicate that the reaction 
progresses very rapidly. A disorder of vascular origin that 
limits the blood supply to the liver causes liver necrosis, as 
has been noted by Himsworth (’47). The occurrence of a 
massive lung hemorrhage also emphasizes the possibility of 
a primary vascular disorder. 

Mason (’43) has investigated the cause of death of the 
fetus in the vitamin E-deficient rat. His description is as 
follows; ‘'Prior to exitus there appear abnormalities in the 
vascular system characterized by variable degrees of dilation 
and thrombosis of pexupheral and deeper vascular channels 
and by either localized or diffuse areas of hemorrhage . . . .” 
This description &ts equally well the pathology noted in vats 
dying of the fatal E deficiency, and supports the conclusion 
that the basic function of vitamin B is the same whether in 
preventing the death of young rats in utero or in protecting 
young growing rats against the fatal deficiency, when they 
are conditioned by a low casein intake. 


SUMMAKY 

1. Young rats died of an acute vitamin E deficiency when 
restricted to a 10% casein diet. Death occurred suddenly in 
over 75% of the male rats between the 6th and 12th week, 
or after an average of 71 days on the diet. 

2. Death was characterized by massive lung hemorrhage, 
centrilohular or massive necrosis of the liver, and distention 
of the subcutaneous blood vessels. 

3. Protection against the fatal disease was given by alphn- 
tocopherol or by increasing the casein to a level of 16% 
the diet. The disease occurred when the casein in the diet was 
replaced with 16% oxidized casein pins 0.3% tryptophan and 
up to 1% methionine. Cystine was slightly protective, but 
neither methionine nor theophylline was of benefit when 
included in the 10% casein diet at a 0.1% level. 
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PLATE 1 


EXPLANATION OF FIGUKES 

1 Gross dissection showing the massive lung hemorrhage, distended subcutane- 
ous blood vessels, and blanched teeth of a vitamin E-deficient rat (left) which 
died after 10 weeks on Diet E-20, as compared to the normal appearance of a 
litter-mate control receiving witamiu E (right). 

2 Photomicrograph of the lung of a vitamin E-deficient rat, showing extensive 
accmulation of red blood cells in the alveolar spaces and interalveolar tissue. 
Hematoxylin and eosin stain, X 470. 

3 Photomicrograph of lung of control rat showing normal histology. Henia- 
tox 3 iiii and eosin, X 230. 










PLATE 2 

EXPL^VNATIO^r OF FIGURES 

4 Photomicrograph of normal liver of control rat receiving vitamin E. Ilcnia 
toxylin and eosin stain, X 180. 

5 Pilot omicrograph showing eentrilobular necrosis in liver of a vitamin E- 
deficient rat. This condition appeared in 31 cases. Hematoxylin and eosin, X 00. 

6 Photomicrograph showing massive necrosis in the liver of an E-dedcient 
rat. This condition appeared in 7 cases. Hematoxjdin and eosin, X 00. 

/ Photomicrograph of an area of the liver of a vitamin E-dedcient rat, 
sho^\ing regeneration of liver and changes in architecture. This condition appeared 
in three cases. Hematoxylin and eosin, X 110. 
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and ill metabolism. The preparation of a food for consump- 
tion by animal or man, by commercial processing or culinary 
practices, has been repeatedly slio-\vn to modify the complete- 
ness of utilization of protein in digestion or in metabolism, 
or in both. The effect may be favorable but is generally un- 
favorable, Avhile the most effective agent in whatever effect 
is produced is heat, modified by the amount of water present 
in the food. Obviously the effect of heat will depend upon the 
temperature attained within the food and the time of ex- 
posure. There is still much to be learned concerning the effect 
of heat processing on the nutritive value of food proteins, 
Avhich is merely one phase of the much larger problem of the 
total effect of heat processing on foods, including in par- 
ticular its effect on the contained vitamins. 

This report Avill be concerned with: (1) the changes in the 
nutritive value of the proteins of peanut meal, cottonseed 
flour, linseed meal and corn brought about by their subjec- 
tion to commercial processes commonly used in their prep- 
aration for animal or human use; (2) the changes induced 
in the proteins of sunflower seed flour by autoclaving in the 
laboratory for 30 min. at 20 lb. steam pressure; and (3) 
the changes in the protein value of beef round brought about 
by roasting* according to a standard method. 

Total heat damage ranging* from 10 to 20% in the net utiliza- 
tion of protein by the growing* rat was demonstrated for the 
proteins of the peanut, corn, sunflower seed, and cottonseed, 
generally in protein digestibility rather than in biological 
value. Beef proteins were not appreciably injured by roast- 
ing, while the proteins of flaxseed were improved slightly m 
nutritive value, mainly because of an improvement in di- 
gestibility. 

EXPERIMENTAL PROCEDURES 


The heated and unheated, or very mildl}'’ heated, food pro * 
nets were compared with respect to the nutritional value o 
their content of conventional protein (N X 6.25) by nitrogen 
metabolism studies with young* albino rats Aveighing initia y 
about 50 gm. The expei*iments were carried out by a metlioc 
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developed in this laboratory {^litcliell, ’24; 44) leacing o 
the computation of coeflicients of true digestibility, maunj, 
due allowance for the metabolic fecal nitrogen, and of bio 0 ^ 
ical values, expressing the pei’centage of the absoibed ^^^tio 
gen used for the replacement of endogenous losses and oi 
growth. Generally an experimental group consisted of 5 
pairs of rats, paired for equality of sex and litter membei- 
ship and approximate equality in initial body weight. Thiough- 
out the three experimental periods, pair mates received the 
.‘^arae amount of their respective diets in a reversal system 
of feeding whereby each rat in any one experiment received 
samples of both the unheated and heated product in differ- 
ent experimental periods, 5 rats in one order and the other 5 
in the reverse order. The heated and iinheated products weie 
tested in periods 1 and 3, while in period 2 all rats received 
the standardizing diet containing 4% of whole egg protein , 
in this period the ratio of metabolic fecal to air-diied foo , 
and the ratio of minimum endogenous urinaiy N to the three- 
fourths power of the body weight, were determined. An ex- 
perimental period lasted from 11 to 14 days, with collections 
of feces and urine during the last 7 days. FeoOa was used a.s 
a feces marker. 

The experimental rations contained: a complete salt mix- 
ture 4%, NaCl 1%, wheat germ oil 0.5%, cod liver oil 1.5%, 
and the test food to provide 10% of protein, or as laige an 
amount as possible, wdth lard added to raise the fat content 
to 12%, wood flock to raise the fiber content to 2%, and glu- 
cose, starch and sucrose to make up to 100%. 

The effect of heat processing on peanut proteins 
One thousand pounds of No. 2 Spanish peanuts veie tieated 
hv the Anderson expeller process at an oil exti action mill 
in Entei-prise, Ala. The peanuts were shelled, ground 
and heated to 246 °F. before entering the expeller. The run 
in the expeller lasted 8 hours and 6 samples for biological 
a.s.say were taken during the last 4 hours of the run. The 
temperature of tlie barrel at the discharge end was 210°F. 
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111 addition, a sample of the same kind of peanuts from 
the same source was shelled, ground, and extracted with 
ethylene dichloride at the plant of the VioBin Corporation, 
at Monticello, III, at temperatures ranging from 75° to 80° C. 

The samples will be referred to as No. 0, the solvent ex- 
lac ed sample, and Nos. 1 to 6, the successive samples taken 
trom the Anderson expeller. In preliminary paired-feeding 
tests samples 0 and 4, 1 and 5, 2 and 6, 0 and 2, 1 and 4, and 
d and 6 were compared by a method of feeding for equal 
gams and of diluting the better ration with a nitrogen-free 
mixture; this method has been described by Mitchell, Bur- 
loughs and Beadles (^86), At the end of each experiment 
m which this technique is employed the two rats in each pair 
ave gained the same in body weight through a feeding 
period of 5 to 7 weeks on the same caloric intake hut on dif- 
ferent intakes of protein if the proteins under test differ 
appreciably in nutritive value. 

Only in the comparison of samples 0 and 4 and 2 and 6 
weie the results significantly different, favoring the lower 
numbered^ sample. In the first of these cases the average 
glams gain in body weight per gram of protein consumed 
A\ere 1.46 and 1.31, respectively, Avith a probability of 0.021 
(Student, ^08) that an average difference as great or greater 
than this (and in the same direction) would have been brought 
about by a random combination of the uncontrolled factors in 
the experiment. In the second case the average protein ef5- 
ciency ratios were 1.33 and 1.16 in favor of sample 2, the prob- 
ability being 0.0020 that uncontrolled factors acting* at random 
would have produced a difference as great or greater than 
this favoring the 2 sample. 

These paired-feeding results indicate that heat damage to 
the peanut proteins had ocurred to some small extent in the 
first samples removed from the expeller, but that this damage 
had not been aggravated by continued exposure to the ex- 
peller temperature up to a limit of 8 hours. It may be pointed 
out that results of weight gain experiments, even vdth con- 
trolled feeding, cannot be considered conclusive evidence of 
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the dilfereiitial nutritive effects of proteins; first, because of 
possible differential activity of the animals on the two 
comparative rations, and, second, because of possible differ- 
ences in tbe j)rotein content of the gains. 

Nitrogen metabolism studies were carried out in a compar- 
ison of tbe solvent-extracted peanut meal. No. 0, and peanut 
meal No. 1. Tbe average results, with tbeir statistical analysis, 
are given in tbe first line of table 1. Evidently tbe beat in- 
cident to tbe processing of sample No. 1 definitely depressed 
the biological value of tbe protein ; there is also a suggestion 
that tbe digestibility of tbe protein was slightly increased. 
The total effect of tbe beat treatment, expressed as the per- 
centage change in tbe net utilization of tbe protein 
(eoefficent of digestibility multiplied by tbe biological value 
and divided by 100), was a depression in protein utilization 
of 5.4% (P± 0.0037). 

A comparison by this method of peanut meals 3 and 6 
failed to reveal any difference either in tbe digestibility of 
the proteins or in their biological values, although tbe biolog- 
ical values obtained for both samples, averaging 49.8 for 
meal 3 and 50..5 for meal 6, were distinctly lower than tbe 
average biological value for meal 1, 56.8. Tbe average di- 
gestibility of tbe protein in meal 3 was 94.0, and that in meal 
6, 93.2. Tbe average net utilization of protein in tbe pooled 
data for peanut meals 3 and 6 was 46.9, compared vutb an 
average of 57.7 for tbe solvent-extracted meal. If these av- 
erages may be considered directly comparable, they reveal an 
average difference in beat damage to peanut proteins of 
18.7 % between meals 0 and 3. 

^litcbell. Burroughs and Beadles (’36) studied tbe change 
111 protein utibzation in peanuts during commercial roasting, 
ivhen tbe peanuts were heated to between 400 and 450°P. for 
30 to 35 min. Tbe average coefficients of true digestibility of 
protein for raw and roasted peanuts were 97.4 and 96.1, respec- 
tively, and tbe average biological values of tbe absorbed pro- 
tein were 59.4 and 55.1, re.spectively. Applying Student’s ( ’08) 
method for tbe analysis of paired difference.';, tbe mean dif- 
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fereiice iu digestibility is highly significant (P = 0.019), as 
is the difference in biological value (P = 0.0023).^ Computing 
the total heat damage in this 1936 experiment as was done 
in the experiment reported in the preceding paragraphs, one 
obtains a value of S.3%. 

The greater heat damage to the proteins of the peanut in 
the expeller oil extraction process (18.7%) than in the roast- 
ing process (8.3%) is evidently due to the much more pro- 
longed application of heat in the former ease. 

Buss and Goddard ( ’48), using the method of protein evalu- 
ation proposed by Osborne, Mendel and Perry (’19), have 
reported the growth-promoting value of the protein of raw 
peanuts, peanuts boiled in water for 40 min., peanuts roasted 
at 320°P. for 40 min., and peanuts roasted at 356°P. for 40 
min. The average protein efficiency ratios (grams gain in 8 
weeks per gram of protein consumed, vuth diets containing 
10% of protein) were, respectively, 1.74, 1.84, 1. 65 and 0.21. 
Ho statistically significant differences in growth-promoting 
value among the first three preparations were established by 
the assay method used. Lysine supplementation of the jDea- 
nuts roasted at the higher temperature raised the protein 
efficiency ratio from 0.21 to 0.93. 


The effect of autoclaving on sunfloiver seed proteins 

Solvent-extracted sunflower seed meal was compared, with 
veferenee to the nutritive value of the proteins, mth the same 
meal autoclaved at 20 lb. steam pressure for 30 min. The aver- 
age results, with their statistical analysis, are given on the 
second line of table 1. This heat treatment significantly de- 
pressed both the digestibility of the protein and its biological 
value, vdth a total heat damage of 10.2% computed from the 
drop in net utilization. 

In analyzing the data on the biological value of the protein of raiv peanuts, 
the aberrant value of 44 was omitted after application of Cliauvenet's criterion. 
In the paired comparisons the value for the same rat for heated peanuts, 62, 
ivas also disregarded. 
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The effect of heat i^rocessing on the proteins 
of cottonseed flour 

Two cottonseed flours were prepared from the same batch of 
cottonseed. One was defatted by the hydraulic process, where 
the decorticated seed is crushed and passed through a series 
of steam cookers in which the temperature increases pro- 
gressively from 190 to 240 °F. This process takes almost two 
hours, after which the material is put through a hydraulic 
press. The other flour was prepared by solvent extraction 
Avith ethylene dichloride at a low temperature. The average 
results of the nitrogen balance studies, AAuth a statistical an- 
alysis of the differences between the solvent-processed flour 
(“unheated”) and the hydraulie-processed flour (“heated”), 
are given in the third line of table 1. 

The heat employed in hydraulic processing definitely 
lowered the digestibility of the protein in cottonseed flour as 
well as its biological value; the total heat damage, based on 
the decrease in the net utilization of the protein, averaged 
10.7%. 

Oleott and Fontaine ( ’41 ) have also repoi'ted a depression 
in the nutritiAm value of cottonseed proteins, in proportion 
to the time of heat treatment, induced by autoclaving at 17 lb. 
steam pressure (254°F.). Since the results were obtained by the 
Osborne, Mendel and Ferry ( ’19) method, they cannot be 
compared quantitatively AAuth those contained in table 1. 

The effect of heat processing on the proteins 
of Unseed meal 

The proteins of linseed meal Avere studied by a comparison 
of tAAm products prepared from the same batch of flaxseed. One 
product Avas solvent-extracted at a low temperature Avith 
ethylene dichloride, while the other Avas treated for oil I’C- 
moval by the expeller process. The aA’^erage results are given 
in the 4th line of table 1. 

With linseed meal, heat improved the digestibility of the 
proteins (P = 0.022), and quite probably their biological value 
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as well (P — 0.060). The total improvement averaged 6.6%, 
with P equaling 0.031. In this test each value in the table is 
the average for only 5, instead of 10, rats. The analysis was 
effected by the computation of Fisher’s (’44) “t” value, di- 
viding the P value by two to put it on the same basis as a 
Student probability, which always relates to a difference be- 
tween means in the same direction as that observed. 

The effect of heat processing on the proteins of corn 

In order to test the effect on the nutritive value of the pro- 
teins of corn of the processes involved in the manufacture 
of corn flakes, we secured samples of the unprocessed corn, 
of the flaked corn and of the final toasted product. In the 
preparation of these corn flakes, the corn was cut, water was 
added, and the corn was cooked for from 20 to 45 min. at a 
steam pressure of 45 to 50 lb. The final toasting process 
faised the rolled flakes to a temperature of 350 to 400°P. for 
a period of three to 4 min. 

These corn flakes are used mainly in the prepax’ation of 
dog food; they are not degerminated, as are the corn flakes 
used for human consumption, although the processing seems 
to be much the same (Jacobs, ’44). 

The results of comparing the unprocessed corn with the 
corn flakes prior to the toasting process (line 5 of table 1) 
reveal a marked and significant drop in the average digesti- 
bility of the protein, from 90.0 to 75.8%, and a smaller drop 
in the average biological value, from 59.6 to 56.4, a decrease 
which suggests a heat effect but does not demonstrate it. 
The over-all heat damage, averaging 20.1%, is highly signi- 
ficant statistically (P = 0.00044). 

The effect of the subsequent toasting of the corn flakes was 
measured in another nitrogen balance study not reported in 
lable 1. During toasting the protein digestibility increased 
mi an average from 73.8 to 79.8%, the reality of which is at- 
tested by the low probability of a chance outcome, 0.00083. 
The biological value did not change significantly, averaging 
55.1 for the untoasted product and 54.3 for the toasted, P 
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being equal to 0.24. The change in net utilization, -|- 6.1%, is 
of doubtful significance (P — 0.069), though rather strongly 
suggestive of a favorable effect of the toasting process. 

The effect of roasting on the protein value of beef 

Two cuts of beef round, 3 in. thick, were taken from sym- 
metrical parts of the same carcass. One was prepared directly 
for protein assay, while the other was roasted in the food 
laboratories of the Department of Home Economics by a 
standard method. The meat was roasted for 5 hours in an 
oven at 300°P. The medium internal temperature was 160°F. 
with the thermometer inserted 1.8 in. Both raw and roasted 
cuts were trimmed of visible fat, ground, dried at a tempera- 
ture approximating 122°P., i-eground and then exti-acted witli 
ether. 

The average results of the nitrogen balance studies are 
given in the last line of table 1. The average digestibilities 
of protein for the raw and roasted beef and the average 
biological values are very nearly the same, and statistical an- 
alysis of paired differences revealed no grounds for presum- 
ing that the method of roasting employed modified appreciably 
the nutritive value of the protein (nitrogen) for grooving 
albino rats. 

Previous reports on the effect of vai'ious methods of cook- 
ing meat on the nutritive value of the contained nitrogen are 
cited by Poling, Schultz and Eobinson ( '44), who found some 
indications from their OAvn work that roasting' fresh pork 
shoulder may lower the protein efficiency ratio for growing 
rats when the meat is incorporated in experimental rations 
at a level of 9 to 10%. In the absence of a statistical analysis 
of the data it is difficult to judge the validity of this conclusion. 
As a supplement to a basal diet composed largely of yellow 
corn, fresh, cooked and cooked-cured meat (Wilder and Kray- 
bill, ’47) proved equally efficient in supplementing the lysine 
deficiency of the basal ration under the conditions of feeding 
employed. The cooking procedure consisted of heating the 
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meat in a retort for one hour at a temperature of 234 to 
236°F. 

The thiamine and pantothenic acid contents 
of some of the meals studied 

In the hope of detecting a correlation between heat damage 
to the proteins of food products and the loss of t lamme anc 
pantothenic acid brought about by heating, these yi 
were determined in many of the food products s u lec ^VT 


TABLE 2 

Ihe f/iiumiiie and pantothenic acid contents of the 
raw and heated meals 


SAMPLE 


TIIIA31ISE 


PANTO' 

ACID 

THENIC 


Peanut meal, solvent-extracted 
Peanut expeller meal 1 
Peanut expeller meal 2 
Peanut expeller meal 3 
Peanut expeller meal 4 
Peanut expeller meal 5 
Peanut expeller meal 6 
Flaxseed (linseed) 

Linseed meal, solvent-extracted 
Linseed meal, expeller 
Cottonseed flour, solvent -extracted 
Cottonseed flour, hydraulic 
Bunflower seed meal, solvent -extracted 




12.0 

34.0 

7.3 

32.5 

7.0 

37.0 

5.1 

29.5 

5.5 

30.5 

8.7 

38.5 

7.4 

36.5 

6.2 

8.5 

7.6 

11.5 

2.4 

13.0 

39.1 

15.5 

16.3 

12.0 

36.4 

12.0 


reference to protein utilization by growing rats.^ The results 
are summarized in table 2. The assays were carried out under 
the supervision of Dr. B. Connor Johnson and by methods 
that he recommends in his manual (Johnson, 48) The thia- 
mine was determined by a tbioebrome method and the panto- 
thenic acid by a microbiological method using L. arabinosiis 
as the test organism. It should be noted that the latter method 
does not determine quantitatively the pantothenic acid bound 

in eoenzyme A. . i i 

The thiamine values, more than pantothenic acid values, 
showed a response to heat, though the correlation nrth pro- 
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tein changes was poor, particularly for the peanut '‘expeller” 
meals. The destruction of thiamine in cottonseed flour by oil 
extraction by the hydraulic process was far greater than the 
decrease in protein value. 


SUMMARY 

The effect of heat as applied to food products during coin- 
niereial processing and home cooking on the nutritive value 
of the food proteins for the growing rat has been studied on 
a number of foods by the nitrogen balance method developed 
in this laboratory. The samples compared were unheated, or 
very mildly heated as in a solvent-extraction method, and 
heated to high temperatures by autoclaving in the laboratory 
(sunflower seed meal), subjection to oil extraction by the ex- 
peller process (peanut and linseed meals) or the hydraulic 
process (cottonseed flour), or subjection to a process of flaking 
and toasting (corn). As an example of home cooking, the 
effect of a standard method of roasting on the proteins of 
beef was ascertained. In all cases, the unheated or mildly 
heated sample and the highly heated sample were obtained 
from the same raw material. 

During these heating processes the digestibility of the pro- 
teins of sunflower seed meal, cottonseed flour and corn was 
definitely decreased by amounts I'anging from 2.5 to 14.2 per- 
centage units. The biological value of the proteins of pea- 
nut meal, sunflower seed meal, and cottonseed flour was also 
definitely decreased in these processes. 

The percentage of total heat damage was highest for com 
(20) and peanut meal (18), intermediate for sunflower seed 
flour (10) and cottonseed flour (11) ; no heat damage was 
demonstrated in the roasting of beef. For flaxseed (linseed), 
heat exerted a favoi’able effect on protein utilization (^^)> 
especially evident in improved protein digestibility. 

The heat processes studied always decreased the thiamine 
content of those foods subjected to assay, but the pantothenic 
acid content was not impaired in the peanut meals judged y 
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an assay method that does not measure the amount of the 
ntaiilin contained in coenzyme A. 
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ASSAY OF DRY PROTEINS BY RAT REPLETION 
:^IETHOD. NUTRITIVE VALUE AND AMINO 
ACID COMPOSITION OF SIX REF- 
ERENCE PROTEINS 

DOUGLAS V. FROST AXD HARRY R. SAXDY 
Abbott Laboratories, yortb Chicago, lUiiwis 


OKE FIGURE 


(Eeceived for publication July 28, 1949) 

The rat repletion nietliod of assaying protein value lias 
been well established by Cannon and bis co-workers at the 
University of Chicago (Wissler, Steffee, V oolridge, Benditt 
and Cannon, ’47). The qualitative and quantitative requiie- 
nients of amino acids for tissue repletion (Frazier et al., 4/ ; 
Cannon, ’48) and for maintenance (VTssler et al., ’48; Fra- 
zier et al., ’49) have been reported. The gain in weight of 
protein-depleted rats fed amino acid mixtures was reported 
to be directly parallel to changes in carcass protein (Benditt 
et al., ’48; Steffee et al., ’49). 

The rat repletion method was studied in this laboratory as 
n means of assaying the essential amino acid value of liquid 
protein hydrolysates (Frost and Sandy, ’48a, ’48b). It was 
subsequently found to be convenient for determining the nu- 
tritive value of amino acid mixtures in solution (Fro.st and 
Sandy, ’49). 

The present study deals particularly with the assay of 
whole powdered protein preparations. As in the assay of 
protein hydrolysate solutions, the nitrogenous supplement 
was fed at controlled critical levels of nitrogen apart from 
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the remainder of the diet. Separate feeding of the supplement 
is believed to offer certain advantages over incorporation in 
the diet, as -will be brought out in the discussion section of the 
present paper. Six reference protein materials distributed 
to various laboratories by the Bureau of Biological Research 
of Rutgers University provided substances of especial in- 
terest for the study. Hawley, Murlin, Nasset and Szymanski 
(’48) described these 6 proteins in connection with studies 
on their biological value in humans. 

TABLE 1 


Non-protein dM (NP no. 10) for raPreptetion studies 


COMPONENT 

AMOUNT 

COMPONENT 

amount 

Sucrose 

gm/100 pm 

83 

Thiamine HCl 

mg i 100 pm 
0.0 

Salts>~U.S.P. (No. 1) 

4 

Riboflavin 

1.2 

CaHP 04 • 2 H 2 O 

1 

Nicotinamide 

3.7 

Agar 

1.4 

Pyridoxine HCl 

0.6 

Primex 

4.2 

d (+) Ca pantothenate 

5.0 

Corn oil 

4.G 

p-amiuobenzoic acid 

0.6 

Cod liver oil 

1.4 

Folic acid 

0.6 

Choline chloride 

0.15 

Biotin 

0.04 

Inositol 

0.1 

Menadione 

0.4 

Liver fraction (Wilson) 0.1 

CUSO4 ' 5 KaO 

4.0 

Ascorbic acid 

0.01 

ZUSO4 • 7H3O 

4.0 

MnSO^ • 2H,0 

0.01 

CoCb * flH.O 

0.2 


EXPERIMENTAL 

Weanling male rats were raised to a weight of 180 to 220 
gm on a stock colony diet prepax’atory to depletion on a non- 
protein diet. Diets and water were fed ad libitum throughout 
the assays. The composition of the non-protein diet (diet NP 
10) is shown in table 1. This diet differs from that previously 
used (Frost and Sandy, ’48a, ’48b) because of an increased 
amount of phosphorus and calcium and through the addition 
of copper, eohalt, manganese, folic acid, biotin, p-aminoben- 
zoic acid, inositol, menadione, and a low nitrogen liver frac^ 
tion as a source of vitamin Bjo. The diet supplies about 
cal. per gram and contains 0.03% N. Rats have been came 
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tlirougli 5 successive periods of depletion and repletion on 
this diet without apparent injury. It is our practice, however, 
ill using rats for repeated assays, to return them to a stock 
diet at intervals for equilibration. 

Near-adult male rats lose an average of 20 to 25% of body 
weight during the initial 12-day depletion period on a non- 
protein diet. The rats are ordinarily prepared for assay of 
either liquid amino acid solutions or dry proteins by a trial 
period wherein a standard 5% fibrin hydrolysate ^ is fed for 
three days. Animals which do not learn to drink the full allot- 
ment of about 40 ml during this period may be eliminated. 
Skim milk has been successfully tried in place of the fibrin 
hydrolysate in the drinking trial period; no water is offered 
during this time. Animals prepared in this way show great 
avidity for either dry protein oi' liquid hydrolysates and sel- 
dom fail to consume the allotted supplements. In the assays 
herein reported, all supplements were consumed completely. 

The Rutgers reference proteins were assayed at two levels 
of nitrogen, i.e., 0.12 and 0.24 gm N per rat per day. These 
levels of nitrogen, using the protein conversion factor 6.25, 
correspond to levels of protein in the diet of about 7 and 
14%. The upper level is approximately the minimum level of 
feeding at which proteins of the best biological value elicit 
a maximum response. The lower level is a highly critical level 
of nitrogen intake, though somewhat above the absolute amiuo 
acid minima required for net repletion of tissue proteins to 
proceed. Nitrogen balance studies iu selected cases served to 
demonstrate the sharp change from nitrogen loss to strong 
positive N balance during the shift from depletion to reple- 
tion. Benditt et al. (’48) have clearly demonstrated the re- 
lation of tissne protein synthesis to body weight gain at 
various levels of N intake in adult protein-depleted rats, so 
that further elaboration of onr data along this line was not 
undertaken. 


'Aminosol, 5 %, in dextrose, 5%, ^vas used on the basis of convenience. Other 
commercial hydrolysates may be suitable. 
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Grroups of 5 rats were used for assay. In a few instances the 
same groups of animals were used in repeat assays of the 
same protein in order to establish the duplicability of results. 
Purified beef blood fibrin and lactalbmnin were used as com- 
parison standards. Results are shown in table 2. 

TABLE 2 


Rat repletion responses to selected pi'otein mateyials at two 
controlled levels of feeding 


rUOTEIN SUPPLEiTENT^ 

1.EVEL Oi* PEEDINO SUPPLEMENT 


0.12 gra N/day 

0.24 gm N/day 


Ave, 12-day gain 
and std. error 

Range 

Ave. 12-day gain 
and std. error 

Range 


ffm 

ffin 

ffm 

ffm 

Egg albumin 

38 dz 3.5 

30^6 

80 ± 4.9 

72-98 

AA’^hole egg (defatted) 

33 1.4 

30-36 

66 ± 3.9 

53-81 

Beef muscle (defatted) 

31 ± 1.4 

26^33 

46 ± 3.5 

39-53 

Casein 

31 :t 2.9 

23-37 

45 :±: 3.7 

35-52 

Peanut flouv 

S ± 6.3 

1-13 

32 ± 2.7 

25-41 

AA’^heat gluten 

9 ± 2.3 

5-14 

19 ± 2.4 

11-26 

Fibrin, beef blood 

35 ± 2.3 

34^5 

59 ± 0.7 

58-60 

Lactalbumiii 

44 ± 2.1 

36-52 

60 ± 4.5 

45-70 


^ TJje iirst 6 protein sonipJes ai'e the reference sainpJes disti’ibuted for collabora- 
tive trial by the Bureau of Biological Research of Rutgers University and de- 
scribed by Hawley et al. (M8). The fibrin is washed and dried beef blood fibrin, 
which contains 15% N. The lactalbuiuin is Borden lactalbuniin 1542, which con- 
tains 12.5% 


Amino acid analyses 

The Rutgers samples Avere subjected to microbiological and 
chemical analysis for essential amino acids so that a direct 
correlation could be made with the rat repletion response. 
One-gram samples of the proteins were refluxed Avith 8N HOI 
for 8 hours to proAude complete hydrolysates for microbio- 
logical analysis by the methods of Stokes et al. and 

Guniiess and associates ( ’46) for leucine, isoleucine, phenyla- 
lanine, threonine, histidine, lysine, arginine, Amline, ineth- 
ionine and tyrosine. Tryptophan Avas determined chemical a 
by the method of Graham et al. (’47). The intact proteins 
AA^ere analyzed for nitrogen by the inacro-Kjeldahl proceduie 
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with a mercury sulfate catalyst, for ash, aiul for moisture. 
Results of all analyses are shown in table 3. For convenience 
in comparison, the amino acid values were calculated on the 
basis of 16% X for all proteins. 

As Yvill be seen in the table, the total essential amino acid 
content of peanut flour and gluten is much lower than for 
other proteins. There are clear-cut limiting deficiencies of 
methionine and lysine, respectively, in these two proteins. 
Limiting amino acids in the other proteins are less apparent. 

TABLE 3 


JiiiiJio acid analyses of ICuigers reference proteins 
(Calculated to basis of 16% N) 



EGG 

ALBUMIN 

CASEIN 

WHOLE 

EGG 

PEANUT 

FLOUB 

WHEAT 

GLUTEN 

BEEF 

MUSCLE 


% 

% 


% 

% 

% 

Arginine 

0.1 

3.9 

6.3 

8.6 

3.1 

7.5 

Histidine 

2.7 

3.4 

o o 

2.1 

2.0 

4.4 

Isoleucine 

5.8 

5.8 

5.9 

3.4 

4.2 

4.8 

Leucine 

9.5 

9.8 

9.1 

0.7 

6.5 

9.2 

Lysine 

4.5 

7.0 

5.7 

2.5 

1.6 

10.0 

Methionine 

4.1 

3.4 

3.5 

0.6 

1.3 

3.0 

Cystine 

3.3 

0.4 

2.2 

1.7 

2,7 

1.2 

Hhenylalanine 

6.8 

5.8 

6.0 

4.3 

4.9 

4.9 

Tyrosine 

4.0 

5.5 

3.4 

2.8 

2.8 

2.5 

Threonine 

4.9 

4.6 

5.2 

2.3 

2.6 

5.6 

Trj'ptophau 

2.0 

1.4 

1.9 

1.5 

1.3 

1.9 

Valine 

7.9 

7.4 

7.9 

3.7 

3.7 

6.0 

Total 

60.6 

58.4 

59.3 

39.2 

36.4 

61.0 

Total Xitrogen 

11.8 

13.22 

12.16 

10.16 

12.65 

15.65 

Ash 

6.2 

0.9 

4.4 

3.9 

0.6 

4.2 

Moisture 

8.9 

8.1 

5.1 

3.9 

7.0 

3.2 


Technique for 5-day routine assay 

A convenient assay schedule which places all weighings and 
supplements in the 5-day work week, and which provides for 
repeated use of rats, is now in use in these laboratories for 
roiitine control of an intravenous fibrin hydrolysate.- Ani- 

‘See footnote 1, page 4*29. 
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mals prepared as described above are fed test materials for 
5 days at a level of 0.2 gm N per day. The rats are fed a stock 
diet for two days over the week-end for maximum repletion. 
They are then returned to the non-protein diet for 7-day de- 
pletion, after which the assay cycle is repeated. Groups of 
5 male rats are used and the assays are controlled by a ref- 
erence protein, lactalbumin. Water is fed ad libitum. The 
procedure is applicable to routine control of dry protein ma- 
tei'ials or of hquid protein hydrolysates. 

A curve representing the average weight changes of 5 rats 
from a control group used through 8 successive assays is 
shown in figure 1. The average response of the 5 rats, to- 
gether with the range, is shovm. A step-wise regular increase 
in weight occurs under these conditions despite the periodic 
depletions. As will be observed, the magnitude of the response 
gradually becomes somewhat less. The assays are judged in 
reference to the parallel response of the positive conti'ol 
group, so that this variable is controlled. The assay groups 
which ran parallel to the group shown in figure 1 occasionally 
gained an average of only about 12 gm dux'ing the 5-day assay 
period. Lesser gains such as this did not appear to affect 
subsequent responses. The two-day period on a stock diet is 
particularly useful in permitting repeated use of the animals 
because it provides a strong equalizing influence. 

DISCUSSION 

The relative nutritive value of individual proteins foi 
groAvth, repletion or maintenance is primarily related to 
their essential amino acid composition. There is also a ques- 
tion of the availability of certain amino acids in raw and 
processed proteins. None of the proteins presently studie 
was heated above about 80 °C. (Hawley et ah, ’48). The wheat 
gluten was made from agenized flour, which has no appaient 
toxic effect on rats. In general, the proteins studied are con- 
sidered unchanged from their native state as regai’ds nutii- 
tive value. 
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Fair agreement in the relative rating of the proteins ob- 
tains behveeu our results and those of Flawley et ah ( ’48) 
and ilurlin et al. ( ’48). It may be pointed out that the studies 
of the Eoehester group were involved with maintenance, re- 
quirements for which are quantitatively different than those 
for repletion. The relatively high requirements of the rat for 
the sulfur amino acids may account in part for the standout 
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1 Average weight changes of 5 rats on lactalbumin as a standard in 
manufacturing control assay. First part of curve shows 12-day depletion on non- 
protein diet followed by three-day "drink trial’’ and three-day redepletion. Sub- 
sequent assay cycles consist of lactalbumin (5 days’ repletion), stock diet (2 
<aya) and redepletion (7 days). Averages and ranges of weight gain for each of 
the 3 assay periods are shown. 

performance of egg albumin and lactalbumin in the present 
study over the other proteins high in biological value, par- 
ticularlj’ fibrin, beef muscle and casein. 

ilinimum daily requirement values for a maximum rate of 
repletion in the adult protein-depleted rat have been advanced 
on a tentative basis by Cannon (’48), as follows: tryptophan 
Irf, phenylalanine 37, leucine 77, isoleucine 66, methionine 35 
threonine 45, lysine 51, histidine 22 and valine 53 mg per rat 
per day. These values were established with a 16-amino acid 
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mixture by individually reducing tlie level of each of the es- 
sential ammo acids, step-wise, to a point where a falling off 
in the magnitude of repletion response began to take place. 
According to Cannon, the values are tentative and are, there- 
fore, subject to revision.^ Also, the values apply precisely 
only to the 16-amino acid mixture patterned after casein which 
was used by the Chicago group. 

One can calculate the adequacy of each of the essential 
amino acids as supplied by the various proteins at the 0.12 
and 0.24 gm N levels of feeding in comparison with the above 
minima. In spite of the obvious quantitative limitations, there 
is good correlation between the nutritive value as herein de- 
termined and the calculated adequacy of essential amino acids 
supplied by the respective proteins. When the necessary cal- 
culations are made, it is seen that egg albumin and whole egg 
contain good patterns of the essential amino acids which ap- 
pioach minimum requirements even at the 0.12 gm N level of 
feeding. The limiting deficiency of both whole egg and egg 
albumin at this level appears in the isoleucine content, which 
supplies in each case only 70% of the requirement for maxi- 
mum^ repletion. Obviously, at the higher level of feeding no 
deficiency is presented by these proteins and maximum rates 
of repletion are possible. Again, for defatted beef muscle at 
the lower feeding level 44% of the methionine need and 47% 
of the isoleucine need are supplied, which would appear to ac- 
count for the lesser response to this protein. At the lower feed- 
ing level the limiting deficiencies for the remaining proteins 
appear as follows: for casein, methionine 64% and tryptophan 
69%; for peanut flour, methionine 13% and lysine 32%; and 
for wheat gluten, lysine 20% and methionine 26%. 

The primary deficits of methionine in peanut flour and of 
lysine in gluten are well-known. It is of interest to note that 
the second limiting deficiency for peanut flour appears to be 
lysine and for wheat gluten, methionine. Little or no supple- 

learned by peisonal communication with Dr. Paul R. Cannon that 
repletion minima ic\ised slightly from those shown above ore now iii press, to« 
gether w'ith minimum requiiements for maintenance of niti'ogou balance. 
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mentary effect would be pi'odicted, therefove, tor a mixture 
of these proteins. In assessing methionine as a limiting amino 
acid, one must consider the attendant cystine content, and 
also the factor of utilization of methionine. The low cystine 
content of casein is well known and there is evidence in this 
laboratory (Frost and Sandy, ’48b) that the methionine of 
casein is not completely utilized. 

Final assessment of the over-all nutritive value of proteins 
must also be concerned with metabolic interrelationships hav- 
ing to do with the balance among amino acids themselves 
and with other nutrients. Such well recognized interrelation- 
ships as that between tryptophan and niacin may require in- 
creasing attention, with regard to the adequacy of the diet 
in factors which outwardly appear to be quite unrelated. 

Ilitchell and Block ( ’46) and Block and iilitchell ( ’46) have 
compared the amino acid composition of a large number of 
food proteins with that of whole egg as a standard of nu- 
tritive excellence. The chemical scores thus obtained ai’e in 
fair general agreement with the results of growth and nitro- 
gen balance assays in rats. Such methods of chemical scoring 
are of considerable value in revealing the nature of amino 
acid deficiencies in proteins. The meaninglulness of the par- 
ticular reference standard chosen, the correctness of the 
amino acid analyses, lack of knowledge of species require- 
ments, and the effect of processing on protein value are, how- 
ever, all questions with which the analyst and nutritionist 
must cope in anv such appraisal of relative protein values. 
Because these questions involve many variables which are not 
amenable to control, it is expected that animal assay methods 
'rill continue in vogue for some time and that methods of 
chemical scoring will provide valuable supplementary infoi*- 
mation. 

The repletion method may be considered of particular value 
m measuring the adequacy of proteins to correct conditions 
of protein deficit such as occur during growth, pregnancy and 
lactation, and convalescence from illness or injuiy. The de- 
mands for essential amino acid adequacy and balance are 
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greatest during these periods, and are fairly well simulated 
by the conditions of the repletion method. The rat growth 
method IS probably equally valuable, but requires longer time 
and does not allow repeated use of animals. A criticism of 
both methods as applied to protein value for human nutrition 
IS pointed up by the difference in species requirements for 
methionine (Cox et ah, ’47). ^ere a limitation in total sul- 
ui amino acids for the rat is known to exist, as in casein, 
collection can be made by incorporating an appropriate 
amount of methionine in the basal diet. 

Although it is common practice in assaying food- substances 
sue as vitamins to feed them separately, proteins have gen- 
erally been incorporated directly in the diet. Separate feed- 
ing of the supplement appears to us to offer advantages in 
respect to measurement of intake, and also to offer certain 
eoietical advantages pertaining to the experimental re- 
su ts and the interpretation thereof. In the present method 
he supplement is fed separately from the remainder of the 
diet, which is supplied ad libitum. Under these conditions, the 
amount of non-protein diet consumed is thought to be a re- 
flection of appetite, which in turn reflects the well-being of 
the animal. The results of assays on the same proteins and 
iffeient proteins at various critical levels of nitrogen are in 
support of this hypothesis. The quality of a protein may be 
excellent, but if it is not fed at an optimum level the supply 
will itself automatically limit the appetite and hence the food 
consumption. Pi’oteins of poor quality, even when fed at rela-* 
tively high levels, may still not meet the full quantitative re- 
quiiements for a maximum rate of repletion, which results 
in a limited intake of total food. Hegsted and Halfenretfer 
(49) have recently presented evidence and a rationale in 
support of ad libitum feeding', particularly in regard to calorie 
intake. Feeding methods which limit the amino acid nitrogen 
intake without limiting the intake of other food substances 
are based on this line of reasoning. 

The ranges as well as the standard errors of the repletion 
responses to the reference proteins are shown in table 2 as 
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an aid in considering the mathematical siguiticance of the 
data. In general the standard errors are small considering 
that only 5 animals were used in each group. The variation 
in response was greatest for peanut flour and wheat gluten 
fed at the lower nitrogen level. The latter conditions are most 
rigorous and it would be expected that even small differences 
in protein reserves might affect the results between animals. 
Although such information is of interest, the object of the 
investigation was not to develop the most rigorous conditions 
to reveal protein deficits, but rather to develop a simplified 
method which would reliably classify a wide range of pi'o- 
teins as to essential amino acid value, with a minimum of 
variance within assay groups. 

The “t” test of significant difference was applied to the 
data of table 2 and a P value of 0.05 or less was considered 
statistically significaut. By this criterion it was found that 
the difference in response between egg albumin and whole egg 
is significant at the 0.24 gm X level but not at the 0.12 gm A 
level. The differences between whole egg and beef muscle (or 
casein) and between peanut flour and gluten were highly 
significant at the 0.24 gm N level but not at all significant at 
the 0.12 gm N level. It would appear from. this that the 0.24 
gm level allows better resolution of differences in nutritive 
value than does the 0.12 gm N level. The level of 0.2 gm hf per 
day was chosen as advantageous for routine control purposes 
since it provides a good determination of nuti’itive value at 
a level of feeding where the ration is readily consumed. 

SUMM.YRY 

Six reference proteins obtained from Eutgers University as 
part of a collaborative test program, plus fibrin and lactal- 
bumin, were assayed by the rat repletion method as supple- 
ments separate from a non-protein diet. Feeding levels of 
0-12 and 0.24 gm N per rat per day were studied. The reple- 
tion response to the reference proteins was roughly in the 
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beefmusdratdcaSnaW^ defatted whole egg, defatted 
g-luten. Fibrin and lactalbi ^ peanut flour, and wheat 

eg* proteins. The 

TtalSef 

value, iXreTi!' raTs'"™'^ 1™*“* 

e. e.u . ats are reused many times, is described. 
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OSBORNE AND :MENDEL AWARD 


Nominations are invited for the Osborne and Mendel Award 
of $1000.00 established by the Nutrition Foundation, Inc. for 
the recognition of outstanding accomplishments in the general 
field of exploi’atory research in the science of nutrition. It 
shall be given to the investigator who, in the opinion of a Jury 
of Award, has made the most significant published contiibu- 
tion in the year preceding the annual meeting of the Institute, 
or who has published a series of contemporary papers of out- 
standing significance. 

The Award will be presented at the annual meeting of the 
American Institute of Nutrition. 

The recipient wall be chosen by a Jury of Award, of the 
•American Institute of Nutrition. As a general policy, the 
Award will be made to one person. If, in the judgment of the 
Jury of Award, an injustice would otherwise be done, it may be 
divided among two or more persons. Normally preference 
will be given to research workers in the Dnited States and 
Canada, but investigators in other countries, especially those 
sojnrning in the United States or Canada for a period of time, 
are not excluded from consideration. Membership in the Insti- 
tute of Nutrition is not a requirement for eligibility and theie 
is no limitation as to age. 

Nominations may be made by anyone. Nominations foi the 
1950 Award, accompanied by data relative to the accomplish- 
ments of the nominee, must be sent to the Chairman of the 
Nominating: Committee before January lo, 1950. 

O 

H. E. Carter 
University of Illinois 
Urbana, Illinois 


CllAIRAlAN, XOMINATIKG COMMITTEE 
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JSxperiinental Biology and 
Medicine InstiiiUe 
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Beihesda, Jdaryland 
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BOEDEN AWARD IN NUTRITION 

Nominations are solicited for the 1950 Award of $1000.00 
and a gold medal made available by the Borden Company 
Foundation, Inc, The American Institute of Nutrition will 
make this award in recognition of distinctive research by in- 
vestigators in the United States and Canada which has em- 
phasized the nutritive significance of the components of milk 
or of daily products. The award will be made primarily for 
the publication of specific papers, but the judges may recom- 
mend that it be given for important contributions over an ex- 
tended period of time. The award may be divided between 
two or more investigators. Employees of the Borden Company 
are not eligible for this honor. 

The formal presentation will be made at the annual meeting 
of the Institute in the spring of 1950. To be considered for the 
award, nominations must be in the hands of the Chaiiunan of 
the Nominating Committee by January 15, 1950. The nomina- 
tions should be accompnaied by such data relative to the 
nominee and his research as will facilitate consideration for 
the award. 

L. A. 

Cornell^ University, Ithaca, Xew YorJ; 


Chairma> 7, XOiriN'ATTKG COMMITTEE 
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the effect op cocoa upox calcium 
utilizatiox and requieb.ments, nitrogen 
retention and fecal composition 
op ivomen» 

MILDUED L. BRICKEI5,= JA>^ICE M. smith, T. S. HAMILTON 
AND H. H. MITCHELL 

^(-partnient of Home Economics and Division of Animal Xutrition, CoUcr/e of 
AffriculturCt Universitj/ of Illinois, Urbana 

(Received for publication August 15, 1949) 

Wide interest lias been evidenced in the effect of cocoa on tbe 
utilization of calcium, particularly that of milk, since Mueller 
and Cooney (’43) indicated that cocoa consumed vdtb milk 
uiay depress tbe utilization of calcium in tbe growing rat by 
20 to 25% when tbe proportion of milk solids to cocoa is onlj* 
3-3 to 1. Mitcbell and Hamilton ( ’46) confirmed these results 
when the same bi-and of cocoa, ‘ ‘ a low-cost American process 
cocoa containing 10.58% fat,” was used. The present study 
was instigated to test the possible effect of a moderate-cost 
^Hxeriean process cocoa upon the calcium metabolism of hu- 
mans, the group chosen for study being college women. 

EXPERIMENTAL PROCEDURE 

General plan 

The study extended from October 10, 1944 to May 31, 1945 
and was divided into 11 units during which several levels of 

* This investigation was aided by funds contributed to the ITniversitr of Illinois 
by the National Dairy Council on behalf of the Chocolate Ingredient Manufac- 
turers, CIM, and the International Association of Ice Cream Manufacturers. 

at the Department of Home Economics, University of California I os 
Angeles. ‘ ’ 


Copsright. 1949 ^ \ ^ 

rhe \\ isiar Institute of Anatomj aou Biolo;ry. 
.U1 rights reserved. 
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cocoa were fed. Continuous calcium balances (broken only by 
15 days for tbe Christmas holidays) were determined and the 
experiment was so planned that calcium utilization and re- 
quirement values could be calculated. During some of the 
later periods, nitrogen balances and fecal dry matter were 
determined. 

Subjects 

Seven college women, 18 to 22 years of age, served as ex- 
perimental subjects during the initial part of the study. One 
withdrew at the Christmas vacation and was immediately re- 
placed by an 8th subject, aged 20, who continued until the end 
of the study. These subjects were adjudged healthy as the re- 
sult of an initial physical examination by a local physician. 
They ranged in weight from 47 to 72 kg and in standing height 
from 157 to 173 cm. 


Dietary regime 

(a) Composition oj diets. A low-calcium basal diet contain- 
ing an average of 225 mg of calcium and 70 to 80 gm of protein 
was fed. This diet consisted of 4 basic menus which were re- 
peated in a definite order at 4-day intervals. The following 
foods were included: beef, ham, bacon, dried beef, gelatin, 
bread (70% extraction flour, milk-free), macaroni, rice, other 
cereals, potatoes, peas, corn, cabbage, lettuce, green beans, 
carrots, applesauce, peaches, apricots, pears, orange juice, to- 
mato juice, grapefruit juice, butter, coffee, cream and sugai. 
The diet was supplemented daily by 5,000 IJ.S.P. units of vita- 
min A and 500 U.S.P. units of vitamin D in capsule form. 
Caloric intakes were adjusted to individual needs with bi’ead 
and sugar. Ad libitum consumption of distilled water was al- 
lowed. Whole homogenized milk ■* and cocoa powder weie 
added in quantities enumerated in the following section. As 
these quantities were changed, adjustments were made in otliei 

* Natola, Parke-Davis. 

^ A blend of three parts of whole and one part of skimmed milk was nse m 
periods VIII and IX in order to adjust the fat content of the diet 
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foods in an attempt to maintain a constant ratio of total cal- 
ories, protein and fat. The cocoa used in this study M’as an 
American process cocoa of medium cost. The cocoa for the 
entire study was obtained in one lot at the beginning and by 
analysis had the following percentage composition : dry matter, 
97.16; ether extract, 20.22; crude pi'otein (N X 6.25), 22.56; 
tannic substances, 11.27; ash, 5.26; crude fiber, 3.50; theo- 
bromine, 1,79 ; phosphorus, 0.659 ; calcium, 0.145 ; oxalic acid, 
0.504, It had an energy value of 5.48 cal. per gram. 

(b) Feeding plan. The basal diet described above was used 
throughout. To this, foods were added in the order listed below 
during the 11 diet periods. The calcium content of the resulting 
diet is also shown. 


Feeding plan for entire study 


.VDDXTIOKS TO BASAlt PIET 

nEKOTH OF PEKIOD 

cAncnar intake 



mg/day 

I. No additions 

six 4-day tests 

240 

IL XCilh, 400 gm 

six 4-day tests 

670 

m. Cocoa, 5.6 gm; milk, 400 gm 

five 4'day tests 

679 

Christmas vacation (15 days) 


IV. No additions 

seven 4-day tests 

226 

V, Cocoa, 58.2 gm; milk, 420 gm 

three 4-day tests 

724 

VI. Milk, 420 gm 

four 4-day tests 

684 

VII. Cocoa, 28.5 gm ; milk, 420 gm 

five 4-day tests 

699 

VTII, Milk, 240 gm ; vanilla ice 



cream,® 185 gm 

six 4-day tests 

755 

K, Cocoa, 34.8 gm; milk, 240 



gm; chocolate ice cream. 



185 gm 

three 4-day tests 

752 

X. No additions 

one 4-day and two 



5 -day tests 

206 

XI. Cocoa, 21.0 gm 

one 4-day and two 



5-day tests 

226 


(c) Length of periods. In the initial plan of the experiment, 
the intention was to have a minimum of five 4-day tests in each 
dietary period. Period V, which lasted only 12 daj^s, was ab- 

® Ice creams for the study were made at the University dairy with the same basic 
formula for both the chocolate and the non*chocolate. A single lot of each was 
used throughout the ice cream periods. 
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I'uptly terminated beeansp nf + 1 -.^ i 

amount of eoeoa Period VT effects of the large 

After the first 12 days of period" IY ;f°" 
amount of cocoa beino fed iif pnlf ^ the 

taining 650 to ToOmo^^ai • O^^action with the diet con- 

calcium balanLsaiS it w^T the 

ous test by use of a low.caleium“ ief t/” 

then equally divided between period's X and™!'™”"”* 

schedule ahOT^ dTO^foT ret" 

*em was iusS;ted I L atlelt f ™ 

changes in rnetabolicim ^ to_ minimize the effects of 

mental conditions. In briVf i^acontrolled eiiviroii- 

jects into two groups 4 and 3 dividing the sub- 

followed the order li^tprl u ^t)jects in each, one of which 
order : I HI jj jy yy y other the follmving 

when a i"et comil^ ’ ’ this fashion, 

to be eompai enr'?- ^ the two diets 

It was intended tn^l simultaneously to two groups, 

plained above tt i period V, but, as L 

consumino- cocna ^ ^ f ^^^^doaed Avhen the three subjects 
^sumino cocoa reacted unfavorably to the large amount. 

Sampling methods 

sis at the time poitions of food were taken for analy- 

pool BreaTa “ 4-<iav 

tteTemaln^ f * ““de into separate pools and 
pools were We l i The food composites and milk 

SSnite liX ml “ “ ®‘“dor and made up to a 

acid or bv free' I™™ preserved either with added acetic 
prepared for analyses were completed. Bread was 

fb riirl n? "f 1M°C. and grmding. 

or cin-ofbfr .'■ f 'ml ™'« “«>'>“d citter by cannine 
tect in the f I color of the carmine was diiBeuIt to de- 

fll cLm f «“d the green color of 

the chiomium oade proved to be more easily detectable. Daily 
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unne samples aiul the fecal collections were composited into 
separate 4-day pools. The urines were preserved with either 
1% hydrochloric acid or toluene. The fecal pools were blended 
with acetic acid and refrigerated until the analyses were com- 
pleted. 

Methods of assay 

Calcium and drv matter were analyzed according to the 
methods of the Association of Official Agricultural Chemists 
(’40), with a slight modification in the calcium method. In this 
Distance, alizarin-S red was used in place of method red as an 
indicator. Nitrogen was assayed by the Kjeldahl method and 
gross energy determinations were made in the Parr oxygen 
bomb calorimeter. 


Supplementary ohservations 

The physical well-being of the subjects was checked by daily 
weighings and by pei’iodical physical examinations. Basal 
metabolism was determined by the gasometer technique 
(Boothby and Sandiford, ’20) at the beginning of the study. 
Detailed records were made of unusual energy expenditures. 
No activity restrictions were invoked, however. 

Estimation of calcium needs 

Calcium utilization and requirement values were calculated 
from average calcium balance data. 

(a) Utilization values were calculated according to the 
method of Breiter et al. (’41) by the following formula; 

^er cent utilizat'n Xet losses ^ during ba sal period — pet l osses during test p eriod 

^ Intake during test period — intake during basal period ^ 

(b) Eequirement values were determined according to the 
following formula (Outhouse et ah, ’41) : 

Calcium requirement = Caleium intake ± ' Xn ffTlcium ^ 100- 

losses’’ refers to the average daily calcium balance which, since the in- 
luke is below the estimated requirement, is negative, representing a loss. 
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PKESENTATIOH OE DATA 

f experiments are presented in tables 1 

to d. iable 1 shows the average daily calcium balance data of 
each subject for the 11 dietary periods. Average values for all 
o e sn jec s appear in the last column. Calcium utilization 
and requirement data for each subject are shown in table 2. 
iable 3 reports the average daily fecal dry matter and nitro- 
gen excretion of individual subjects for periods V through XT. 
Caloric extent of the feces for the same periods (excluding 
VI and Vn) are also shown. 


DISCUSSION AND RESULTS 

. balance data (see table 1) show considerable 

m 1 a-inc ividual variation. This was shown not only in the 

+T,^^T^ (II, VI, and VIII) in which milk was added to 

the basal diet, but also in the three periods (I, TV, and X) in 
w le the basal diet was fed alone. No consistent change in 
calcium balance was noted upon the inclusion of cocoa during 
any o the periods. The large amount of individual variation 
may account for the fact that no statistically significant dif- 
erenee was found between the average calcium balance ob- 
serve on the cocoa and that on the non-cocoa diets. These 
averages for all subjects and all periods were —8.70 ± 9.7’’ 
cocoa diets and — 12.85 zt 11.0 mg for the non-cocoa 

le s, the difference being insignificant due to the high stand- 
ard errors. 

The extreme amount of individual variation among subjects 
and between periods for the same subject led the authors to an 
investigation of the degree of difference required between 
average calcium balances to show a significant effect of a given 
cocoa diet on calcium utilization. Analysis of variance of the 
average calcium balance values showed that a difference of 
29, 57, 36 and 23 mg for periods II and III, VI and VII, WII 
and IX, and X and XI, respectively, would be required in order 

In this instance and in all other cases, the value dedning the signidcance of the 
mean is the standard error. 
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to demonstrate a dietary effect with a probability of 0.05. Be- 
cause of this high degree of variance, the data do not preclude 
the possibility that an effect of cocoa upon calcium utilization 
may have been.obscured by uncontrolled factors. 

In comparing the change in calcium balance from one period 
to the following period, it was noted that 6 of the 7 subjects 
showed a decreased calcium retention in going from period II 
to m. A similar decrease was noted in all 7 subjects from 
period to IX. This similarity of response to diet change 
for all subjects without regard to order of cocoa feeding would 
indicate a probable effect of time of feeding. These data em- 
phasize the importance of a reversal feeding technique since, 
in the above instance, if all subjects had been fed the same 
diet simultaneously and had proceeded as a gi’oup to the sec- 
ond diet, the observed change in direction of retention might 
have been attributed to a specific dietary effect. 

The extent to which the oxalic acid content of the cocoa may 
have contributed to the variation in calcium balances is dis- 
cussed in a preliminary report of this study (Mitchell and 
Smith, ’45). 

Additional evidence of the similarity in value of the calcium 
of the cocoa and non-cocoa diets is shown by the calculated 
utilization values in table 2. In computing these values, the cal- 
cium balance during the basal period was an average balance 
for the three low-calcium periods. All milk periods were aver- 
aged for the non-cocoa diet evaluation, and for the cocoa diet 
evaluation all periods in w^hich cocoa and milk were fed were 
averaged, regardless of the amount of cocoa involved. Accord- 
ing to these data on utilization, the calcium of the cocoa diets 
was as well utilized as was that of the non-cocoa diets, the aver- 
age utilization for the former being 21.3% as compared with 
20.0% for the latter. The difference was insignificant statisti- 
cally. These values fall within the lower portion of the range of 
15.3 to 35.1% for 7 adults reported by Breiter et al. ( ’41). |teg- 
gerda and Mitchell ('46), in a study of the caleinm utilizatiim 
of 19 adult men, report values ranging from 16 to 45%, with 
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17 of the 19 values higher than any reported in the present 
study. 

The average calcium requirement of the subjects when on 
the non-cocoa diet ivas 669 rfc 42 mg daily, as compared with 
686 ±: 52 on the cocoa diet. Though 6 of the 8 subjects (see 
table 2) showed lower requirements when on the cocoa than on 
the non-cocoa diets, the ditferences for the entire cocoa and 
non-cocoa groups were not statistically si^'hjficant. The over- 
all average requirement of 678 rt 32 mg daily agrees with the 

TABLE 2 

Utilisation of calcium from cocoa and noU'cacoa diets y with individual calcium 
reqiUrements calculated therefrom 


SUBJECTS 


A 

B 

G 

D 

E 

P 

G 

H 

Average 


NOir-COCOA DIET COCOA DIET 


Utilization 

Requirement 

Utilization 

Requirement 

% 

mg/day 

% 

my/day 

16.7 

787 

17.6 

756 

23.3 

634 

26.9 

577 

22.5 

761 

22.0 

772 

17.3 

813 

17.8 

765 

19.1 

657 

23.9 

568 

23.9 

509 

19.9 

931 

13.8 

694 

16.5 

649 

23.3 

498 

25.6 

470 

20.0 

669 

21.3 

686 


findings of Outhouse et al. (’41), who reported an average I’e- 
quirement of 662 mg daily for 7 adults. The requirement of 
11.8 zt 0.5 mg/kg of body weight found in the present experi- 
ments is somewhat above the value of 10.7 mg/kg reported in 
the eai'lier investigation, the report of which also presents a 
comprehensive review of studies of calcium requirements pub- 
lished prior to 1941. Steggerda and Mitchell (’46), in the 
study mentioned above, indicate an average daily calcium le- 
quirement of 644 mg (S.D., 181), or 9.21 mg per kilogram body 
weight (S.D., 2.7) for the 19 men studied. Leverton and Mars 
(’42) recommended a “minimal requirement” of 0.83 gm 
calcium per day for calcium equilibrium. This recommenda- 



COCOA AKD CALCIUM XEEDS OF ADULTS 


455 


tion was made as the result of 100 calcium balance studies in 
college women on self-chosen diets, on the basis of the per- 
centage of calcium retained at different levels of intake. 

Although the calcium balances were not significantly altered 
when cocoa was removed fz’om the diet, the division of calcium 
between urinary and fecal pathwa5’'s was significantly affected. 
As may be seen in table 1, the fecal calcium fell and the urinary 
calcium rose with the removal of cocoa from the diet. Of the 
27 cocoa comparisons made, 25 showed an increase in the urine 
calcium and 23 a decrease in the fecal calcium. Thus, the 
deviations from the ideal outcome of 13.5, if random factors 
alone operated, are 11.5 and 9.5, respectively. The standard 
deviation of 27 events which may occur in either one of two 
ways with equal probability is 2.6 (S — \/27 X .5 X .5). Thus, 
the deviations from the ideal outcome are 3.5 or more times 
the standard deviation, and can be considered highly sig- 
nificant. 

The extent of the increase in fecal calcium, when results on 
cocoa diets were compared with those on non-cocoa diets, was 
not directly related to the 4 levels of cocoa ingested. These in- 
creases were 26.7 ±: 11.7, 43.6 ± 13.4, 29.4 rt 14.4 and 22.7 + 
10,6 mg calcium daily when 5.6, 28.5, 34.8 and 21.0 gm cocoa 
were fed. In a similar comparison of decreases in urinary 
calcium, the values were 13.5 ± 5.9, 25.5 ^ 8.2, 43.4 8.3 and 

17.3 4.3 mg when the 4 above-mentioned levels of cocoa were 

fed. Using the “t” test of Student (’25), it was foimd that 
both the increases in fecal calcium and the decreases in urinary 
calcium were statistically significant. 

There is no doubt that there was a distinct effect of the 
cocoa upon the route of calcium excretion when cocoa was 
added to diets comparable in all other components. Although 
its over-all effect did not appear to change the availability of 
dietary calcium, as evidenced by the lack of differences in the 
calcium balance data, there must be some property of cocoa 
ivliich physiologically affects the route of excretion of calcium. 
Factors which may affect urinary calcium excretion have been 
summarized by Knapp (’47). Calcium intake, considered bv 
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this author as a most important factor, could scarcely have 
explained the data in the present paper. The acid-base balance 
of the diet, another factor discussed, though changed some- 
what with cocoa feeding, did not appear to be suflSeiently al- 
tered to account for the urinary decrease. Ash from 100 gm 
cocoa Avas found to require 32 ml normal acid for neutraliza- 
tion. The decrease in urinary nitrogen and calcium accom- 
panying the feeding of cocoa may be suggestive of some 
specific physiological effect of the latter. 

A study of nitrogen excretion was undertaken after the 
largest amount ol; cocoa had been fed. "Wlien this amount of 
cocoa (56.2 gm) Avas fed to subjects B, 0, and F in period V, 
headaches, nausea and decreased appetites Avere repoi’ted. 
The subjective symptoms were accompanied by more frequent 
and Amluminous stools. The stools Avere all Avell-formed and 
gave no evidence of a diarrheic effect of the diet. An investi- 
gation of the constituents of the feces Avas then undertaken in 
an attempt to determine the nature of the increase. This 
shoAved that the Amlume increase Asms accompanied by a similar 
increase in dry matter, Avhich occurred in eA’^ery case on in- 
clusion of cocoa in the diet (see table 3). Analysis of variance 
shoAved that these increases in dry matter Asmre not directly 
related to the amounts of cocoa fed. 

The total gross energy Amlue of the fecal excretion Avas also 
increased by cocoa feeding. This increase Avas in direct pro- 
portion to the dry matter excreted. No further analyses- Asmre 
made Asdiich would indicate the nature of the material AS'hich 


occasioned this increase in gross energy. The question arises 
as to Avhether undigested cocoa may have accounted for the 
change. With regard to caloric value, if none of the cocoa had 
been utilized, the caloric increase in the feces AA'ould have been 
tAvice that observed. When the gross energy per gram of fecal 
organic matter (dry matter — ash) Avas calculated, it Avas 
found that this Amlue AAms loAver on the cocoa than on the non- 
cocoa diet in 12 of 16 comparisons. These data suggest that 
the increased gross energy of the feces could not have been 


due to impaired fat digestibility. 
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IJere was also an increase in fecal nitrogen with cocoa 
reeding (see table 3). This increase was no greater than the 
nitrogen consumed, in 13 of 14 eases. In fact, 
additional fecal nitrogen amounted, on the average, to 84% of 
the extra nitrogen ingested on the cocoa diet. The increased 
fecal nitrogen shows a poorer digestibility of the protein in 
the diet when cocoa is included. A depression in the digesti- 
1 1 y of protein has been noted by other investigators when 
in the diet. Cohn (1895) reported that 
• """i j riitrogen remained undigested when cocoa was 

mcluded in the mixed diet of human subjects. Neumann (’06), 
m studies with one subject, reported a decrease in the apparent 
igestibility of protein from 82.5% on a basic diet of bread, 
c eese and sausage to 75% on the same diet with 35 gm cocoa 
added. He attributed the loss of nitrogen to the increased fecal 
material caused by the cocoa, since he observed that the fecal 
nitiogen rose and fell with the amount of dry feces. Pincussohn 
( 07) also noted an unfavorable use of nitrogen by women con- 
suming- cocoa in a mixed diet. Lipman and Mueller ( ’41) re- 
ported a study on rats in which a decrease in the apparent 
digestibility of milk proteins from 85.3% to 79.3% occurred 
Avhen 15.8% of American process cocoa was included in the 
diet. Mitchell et al. ( ’26) reported a true digestibility of 38% 
foi cocoa nitrogen when fed to rats as the only source of 
nitrogen in the diet. 

The increase in fecal nitrogen was accompanied by a de- 
Cl ease in urinary nitrogen so great that larger positive bal- 
ances were observed with cocoa additions in 13 of 16 possible 
comparisons. The improved balances during’ the cocoa feeding 
weie in most instances no greater than the increased nitrogen 
intake incident to cocoa feeding (two exceptions). In all in- 
stances where nitrogen balances were determined, they were 
positive whether cocoa was included or not. Neumann (’06), 
in the study cited above, also observed a decrease in urinary 
nitrogen along with an increase in fecal niti’ogen. It is inter- 
esting' to speculate as to whether the theobromine content of 
the cocoa may have accounted for the lowered urinary excre- 
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tioii of nitrogen. Bernlieim and Bernlieim (’46) have shomi 
that 0.3 g-m of theobromine, given with each meal to two women 
who Avere not habitual drinkers of tea or coffee, cause a con 
sistent decrease in the excretion of urinary nitrogen a ei e 
third day of administration. This same effect was noted in 
rabbits injected with doses of theobromine, although a o er 
ance gradually developed. Quantities of theobromine no un 
like those used by the above workers were involved in the 
present study. The analyzed theobromine content of the cocoa 
was 1.79fo ; thus, when 56.2 gm of cocoa were fed, as in period 
V, the subjects were receiving 1.0 gm theobromine daily, ern 
heim and Bernlieim suggest an inhibition of urea formahon 
in the liver as a cause of lessened urinary nitrogen, since ey 
found that the total urinary nitrogen was accompanied, by a 
decrease in urea nitrogen, with no consistent variatum in ^ e 
concentration of the other nitrogen compounds of the urme 
and decreases in urea and non-protein nitrogen o e • 
The nitrogen retention reported by Benedict ( 16) a er ca 
feine administration to one man suggests that this compoun 
may also have exerted its effect by interference wi urea or 
mation. 

STJMilAEY AND CONCLUSIONS 

The effect of the ingestion of a moderate-cost i^erican 
process cocoa on calcium utilization was studied m 8 eo ege 
women, 18 to 22 years of age. This involved estimation of 
calcium balances for 208 consecutive days, except for Id days 
intervening for the Christmas holidays. Five levels of cocoa 
(5.6 21 0 28 5 34.8 and 56.2 gm) were tested, 4 in diets con- 
taining liilk as the major source of calcium and the other 
(21.0 gm) in a milk-free diet. Because of the bulky nature of 
the stools on the cocoa periods, additional observations were 
made on stool composition. 

A summary of the results follows : 

1. No statistically significant differences were demonstrated 
between the calcium balances of subjects on non-cocoa diets 
and those of the same subjects on cocoa diets. For all periods 
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and subjects the daily calcium balances averaged — 12.85 ± 
11.0 and 8.70 9.7 mg for the non-cocoa and cocoa diets, 

respectively. 

2. This similarity of response is further illustrated by the 
calculated calcium utilization values. For the 8 subjects, the 
latter values averaged 20.0 ±: 1.3% on the non-cocoa diets and 
21.3 ±: 1.4% on the cocoa diets. 

3. The average daily calcium requirements for all subjects 
were 686 rb 52 mg’ on cocoa and 669 ±: 42 mg on non-cocoa diets. 
The average requirement for all subjects on all diets was then 
678 ± 32 mg daily, or 11.8 ±: 0.5 mg per kilogram of body 
weight. 

4. Even though significant changes in calcium balance were 
not demonstrated to result from the addition of cocoa to the 
diet, there was a significant effect upon the path of calcium 
excretion. With the inclusion of cocoa, in 25 of 27 comparisons 
the urinary calcium fell, and in 23 of 27 cases the fecal calcium 
rose above that of adjacent periods in which cocoa was omitted. 

5. With cocoa feeding’, increases in the fecal excretion of dry 
matter and nitrogen were observed in each of 4 dietary com- 
parisons. Total calories excreted, increased in each of three 
possible comparisons. 

It may be concluded that the tolerance of the subjects of this 
experiment for cocoa of the grade used was approximately one 
ounce daily, and that any possible deleterious effect of cocoa 
on calcium utilization was completely obscured by the variation 
(both within groups and within subjects) of the experimental 
data. 
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Grains are stored for various periods of time befoie con 
sumption by farm animals or man. When there is a eavy 
carry-over from one crop year to another, or when the govein- 
ment attempts to stabilize grain prices by encouraging e 
storage of surplus grain, the storage periods may ^7^^, 

many months. During such storage, changes in the chemical 
composition and nutritive value of the grain may ® 

nature and extent of these changes will depend upon the mitial 
condition of the grain, particularly upon its moisture content, 
and upon the conditions of storage. Reviews of the literature 
relating to the chemical and nutritional changes occurring in 
grain during storage have been published by J ones and others 

(’43),Watson (’46), andZeleny (’48). , , . , 

Jones and co-workers have observed changes m the chemical 
properties of the proteins of corn (Jones, Divine and Gers- 
dorff ’42) of wheat and wheat flour (Jones and Geisdoiff, 
’41),’and of soybeans (Jones and Gersdorff, >38), revealed by 
a decrease in solubility and a partial hydrolysis yielding free 
amino nitrogen. In all cases, digestion studies in vitro indi- 
cated a decreased digestibility of the protems, and ad libitum 
feeding trials with stored corn revealed a diminished weight 
gain per gram of protein consumed, a change that might have 
resulted from a decrease in the palatability of stored, as com- 
pared with fresh, corn. The extent of the observed changes 
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deiDended upon the temperature and duration of storage, the 
type of container, and the nature of the material stored. 
Ground grains were less stable in storage than whole kernels. 
In the experience of Pickett (’48), the proteins of the peanut 
ai'e quite stable during long periods of storage. Practical 
feeding trials with chickens have failed to indicate deteriora- 
tion in the proteins of fish meals after short storage (Evans, 
Carver and Hamm, ’44), while similar trials with pigs de- 
tected no deterioration in Avheat stored for 4 years (Longwell, 
’45). 

It may be noted that the corn and wheat samples studied by 
Jones and associates ranged in moisture content from 10 to 
15%, on the borderline level, or beloAv, for the inhibition of 
mold deterioi’ation, according to Snow, Crichton and Wright 
(’44) and Milner and associates (’46, ’47). Throughout the 
storage period of tAvo years used by these AAmrkers, all samples 
remained free from any indication of insect infestation or 
mold infection. 

More precise studies of the nutritional deterioration of food 
proteins during storage Aimre reported by Henry and Kon (’48) 
using spray-dried skim milk of low moisture content, 3 to i fo, 
stored at room temperatures or higher. In rat metabolism 
studies, protein digestibility was slightly, if at all, impaii’cd, 
except with poAiMers containing 5% or more of moisture, but 
the biological value of the protein dropped from 86.9 to 65.9 
during a stoi’age period of 85 days at 37 °C. The deterioration 
in protein quality seemed to relate almost entirely to lymne, 
since lysine supplementation corrected the damage. Tins is 
but another illustration of the sensitiAuty of milk proteins to 
environmental factors, shoAvn by Fairbanks and Mitchell ( 35) 
to obtain folloAving biief exposures to high temperatures, as 
in spray drying. In this case, however, cystine was the po^^ 
of attack. The changes in the essential amino acid content o 
the proteins of dry skim milk resulting from storage have een 
i-ejiorted by Hodson and Krueger (’47), and by Henry, on, 
Lea and MTiite ( ’48). 



465 


EFFECT OF STOHAGE ON* IMtOTEIN VALUES 

The expevimouts reported in this article were 
studv the effect on the utilization by glo^^lng la s 
teins of wheat, corn and soybeans of storage tor ® 

almost three vears, under conditions tha _ T'Vt insect 

ued respiration and enzyme action but would 
infestation and mold infection. The ejects on 1 
quality of corn produced by specific fungi m the fie d ^ei 
investigated by Mitchell and Beadles ( ’40) and by Mitchel , 
Beadles, Koehler and Dungan (’47). It will be ’ 

under the chosen conditions, the proteins o ® -Trirmir 

are resistant during storage to changes a wou ^ 
either their digestibility or their biologica \ a ue. n 
hand, the proteins of the soybean undergo a ' 

pression not only in digestibility but also in biological ^alue. 

expebimental peocedukes 

The grains were all of the 1942 crop and the samples used m 

the experiment Avere obtained from the ep^ men ^ "ipPey 
omv through the courtesy of Dr. George H. Dungan They 
were fumigated before storage and were analyzed foi pioxi- 
mate constituents, wfith the results shoAvn in a ® ' 

Each of the grain samples rvas stored m hvo conations as 

whole kernels and as a meal ground to . , 

sieve. The ground soybean sample was defatted and auto- 
claved for 90 minutes at 17 pounds steam pressure, to sunulate 
commercial expeller-processed meal. The 

hi screw-top tin cans, capacity about one gallon, and weie 
sealed with paraffin. Each container held enough sample for 
one biological assay with rats of the digestibility and biological 
value of protein. The cans, filled with piole or ground grains, 
were stored in a temperature-controlled room for periods up to 
about three years. Cans containing whole and ground samples 
of the same grain were withdrawn simultaneously and per.odi- 
callv for assay The room temperature was mamtamed at 
about 78”F. or higher during extremely hot weafter. 

Thp Av-nprimeutal rations for the protein metabolism studies 
on -rowin- vats contained salt mixture 446 (Spector, ’48) 4%, 
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= (\VP9 X 38-11) (lly X L317). 
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XaCl 1%, fiber (wood flock) ^ 2%, wheat germ oil 0.5%, cod 
liver oil 1.5%, the test grain to the desired protein percentage, 
lard to 12% of total fat, sucrose 10% or less, and starch, or 
starch and glucose 1:1, to make up to 100%. The rations con- 
taining soybeans and wheat Avere made up to contain 10 to 
12% protein (N X 6.25), but the corn rations could not be 
made to contain more than 7 to 8% protein. The soybeans that 
were stored as w'hole kernels before incorporation into the 
experimental rations Avere defatted, autoclaved and dried in 
the same manner as the soybeans that were stored in a ground 
condition. 

The digestibility and biological value of the test proteins 
were determined by the nitrogen metabolism method devel- 
oped in this laboratory (Mitchell, ’24a; Mitchell and Carman, 
’26), with some later modifications. These modifications in- 
clude the use of a feces marker (Fe 203 ) ; a reversal system of 
feeding whereby each rat receives samples of grain stored 
both as whole kernels and as a ground meal, in different ex- 
perimental periods, 5 rats in one order and the other 5 in the 
reverse order; and a system of paired feeding which involves 
treating the 10 rats as 5 pairs for which the food intake is 
equalized in all periods. In each experiment, a sample of 
ground, dried and defatted beef round was tested along with 
the grains, generally by the same rats though at times in a 
separate test carried out simultaneously. 

In the course of the two- to three-year experiment, several 
samples of beef were prepared and used, and all beef samples 
were stored in a sealed jar at 0°F. In each experiment, the 
determination of the metabolic fecal nitrogen per gram of 
food and of the minimum endogenous urinary nitrogen per 

Jn was made in a single centrally located period, or in an 
initial and a final period. All rations used in a single experi- 
ment were equalized in niti’ogen, fiber and fat content and each 
experiment involved 10 to 15 Aveanling albino rats. The pre- 

' Purchased from Brown Co., of Portland, Maine. Contains 94.3% cellulose a 
trace. of lignin and only 0 . 0033 % nitrogen. 
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liminary periods in all experiments were from 4 to 7 days in 
length and the collection periods, 7 days. 

The samples of soybeans, stored for 34 months, either whole 
or after grinding, defatting, and autoclaving, were tested for 
digestibility and the biological value of nitrogen, alone and 
when supplemented with methionine. 

EXPERIMENTAL RESULTS 

The average experimental results are summarized in table 
2, including: (a) the digestibility of the protein with due al- 
lowance for the metabolic fecal nitrogen; (b) the biological 
value, representing the percentage of the absorbed nitrogen 
retained for maintenance (replacement of endogenous losses) 
and for growth; and (c) the net utilization, obtained by multi- 
plying the digestion coefficients by the biological values and 
dividing by 100. 

The standard errors of these average computations have not 
been given, because they are not necessarily valid in the com- 
parison of samples taken at different times, and because they 
are of little use in the comparison of whole and ground grains 
sampled at the same time. The latter comparisons are best 
carried out according to the Student (’25) method of paired 
differences, since in each test grains stored whole and ground 
were generally fed to each of the test animals. 

The pooled standard deviation of all individual coefficients 
of digestion,- computed from the sum of the squared deviations 
of individual coefficients about their respective group means, 
is 2.76. The corresponding standard error for the mean of a 
group of 10 is 0.87. The standard deviation of individual bio- 
logical values, similarly computed, is 4.49, equivalent to a 
standard error of 1.4 for the mean of a group of 10. These 
latter two values may be compared with those reported earhei 

- Omitting the coefficients of digestion for beef, since the variation of such co 
efficients is artificially niiniinized by the practice of considering all estimated co 
efficients above 100 as being equal to 100. The standard deviation of indivi ua 
digestion coefficients of 2.76 is probably higher than what might be called norma 
because of the rather frequent occurrence of diarrhea in the e.vperimental ra s, 
especially in tests 3S4, 340, 344 and 340, 
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nfT 7 f iff and Beadles (’36) 

ot 3.7 and 1.2, respectively. The standard deviation of indi- 

414 ntilization values, computed by tlie same method, is 
gitp of To 1-1 for the mean of a 

DISCUSSION 

Changes in ^oheat and corn 

The interpretation of the data in table 2 with reference to 
e mam em of the study, i,e., the effect of the storage 
grams on the nutritive value of their proteins, should not 
e came out on the basis of the intra-group standard devia- 
ons an e group mean standard errors, because these do not 
lecessari y apply to intei’-group variations when tests are con- 
aucted with different consignments of rats at widely different 
imes. n assessing inter-group variation on diets similarly 
cons 1 u e , it was hoped that the results secured with the 
ee preparations, tested 14 times and at widely different in- 
eiva s, would seive the purpose. However, as was explained 
+ ^ contents of the meat diets varied from 7.50 

r f ' - 41 ,^ accordance with the protein contents of the grain 
diets lyith which they were simultaneously tested. While this 
exerted no effect on the coefficients of di- 
^es 1 11 y^ it would presumably modify the biological values. 

previous information secured in this laboratory 
^ ^ ^ \ hlitchell and Beadles, ’27), the relationship be- 

ween lological values and the protein content of the diet is 
an inveise one. In the present case, the regression of biologi- 
protein content of diet is not linear, but of the 
o owing type : 0.021 -j- 0.015x, in Avhich x is the per- 

een age of protein (N X 6.25) in the diet and y the associated 
10 ogical value. The standard deviation of the observed mean 
10 ogical values about the above regression line (i.e,, the 
squaie loot of the sum of squared deviations of observed from 
calculated y’s divided by the number of degrees of freedom) 
is 3.02 (see table 3). 

The standard deviation of the biological values of beef pro- 
tein about the regression line relating biological values to 
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dietary protein levels, 3.02, may be used in detecting time 
clianges in the biological values of the proteins of stored 
grains. An inspection of the biological values in table 2 sug- 
gests that, for stored wheat and stored corn, no time changes 
occurred. Such variations as occurred from one sampling to 
another were irregular ; in particular, they reveal no consist- 
ent downward trend with lengthening time of storage, and for 
the Station Yellow Dent corn the final values are the same, or 


TABLE 3 

T/ie relation between protein content of diet (x) and biological value of the protein 
of beef (y) as described by the equation: ~ = — 0.021 -i- 0.015x 


IfUitBER 

PBOTEI2* 

DIET 

BIODOGICAD VALUES 

DIFFERENCES 

Observed 

Calculated 


% 

% 

% 

% 

331 

12.00 

76.9 

75.0 

— 1.4 

348 

11.88 

79.2 

75.6 

— 3.6 

318 

11.62 

72.4 

75.8 

+ 3.4 

334 

10.81 

78.6 

76.6 

— 2.0 

325 

9.94 

74.5 

77.6 

+ 3.1 

371 

9.94 

78.3 

77.6 

— 0.7 

344 

9.69 

75.3 

77.9 

+ 4.6 

346 

8.62 

73.6 

79.6 

+ 6.0 

337 

8.50 

83.6 

79.8 

— 3.8 

372 

8.38 

80.6 

80,0 

— 0.6 

326 

8.31 

78.2 

80.2 

+ 2.0 

369 

7.69 

82.8 

81.5 

— 1.3 

340 

7.59 

82.6 

81.8 

— 0.8 

329 

7.50 

81.6 

82.0 

+ 0.4 


somewhat higher, than the initial values. This impression is 
confirmed by the value for the pooled standard deviation of all 
mean biological values for coim and wheat samples about their 
Tespective sample means, i.e., 3.05. This standard deviation is 
almost identical with the standard deviation of mean biological 
values for the same protein mixture, that of beef, tested at dif- 
ferent times through a period of two to three years, i.e., 3.02. 

The variation to be expected from uncontrolled factors in 
the experiment affecting the digestibility of proteins cannot 
be assessed from the 14 mean coefiicients of digestibility of 
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beef protein carried out at different times, because the digesti- 
bility of this protein (N X 6.25) is so near 100 and because 
individual coefficients corrected for metabolic fecal nitrogen 
were entered as 100 whenever the estimation indicated a value 
over 100. Hence, resort must be had to the pooled standard 
deviation of individual values measured simultaneously about 
their respective group means. 

The variation in average digestibility of the protein frac- 
tion of stored wheat and coim samples neither reveals nor sug- 
gests a depression of digestibility with lengthening time of 
storage. The standard error of a mean coefficient for a group 
of 10 rats tested simultaneously is 0.87, and that of a difference 
between the means of two such groups is 1.23. For an observed 
average depression in digestibility to be significant at the 2% 
level, assuming an improved digestibility on storage to be in- 
conceivable in view of prior work indicating a reduction in 
protein solubility as storage progresses (Jones and Gersdorff, 
’41; Jones, Divine and Gersdorff, ’42), the difference between 
means would need to exceed 2.47. Of the differences in mean 
digestibility of the protein for corn and wheat within any one 
series of tests, only two exceed 2.47, i.e., in the comparison of 
wheat, stored in the ground condition, in experiments 318 and 
331, and 348 and 331. For these comparisons the variation in 
protein digestibility is irregular, with the highest coefficient 
obtained with the sample stored the longest. 

The probable insignificance of all diffei’ences in mean di- 
gestibility fi’om one sample of grain to another stored for a 
longer period is further indicated by the fact that the pooled 
standard deviation of the 20 mean digestion coefficients foi 
corn and wheat samples about their respective group means, 
1.04 ±: 0.20, is not to he distinguished statistically from the 
standard error of a mean coefficient, 0,87, estimated from the 
variation among individual coefficients secured simultaneous y- 

The net utilization values for beef protein tested at 14 di - 
ferent times are correlated inversely with the protein conten 
of the diet, as were the biological values, and. for the same 
reason. In this case, the regression equation is-y== 
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tO.OISx, in which x is the preceutage protein in the diet and 
y is the average net utilization of beef protein. The standard 
deviation of mean net utilization values about this regression 
line is 3.10. The standard error of a difference between two 
mean values would be 4.3. A difference between two means of 
10 items each must be as large or larger than 4.3 X 1-88 = 8.1 
to possess sigiuficanee at the 2% level of probability. None of 
the differences between mean net utilizations for the same 
grain sample tested at diffei'ent stages of storage is of this 
magnitude. For only the F. S. Hy'brid corn sample is there 
any suspicion that storage may affect protein utilizatioii, and 
here the difference between the values for the initial sample 


T.U3I.E 4 

differences in the mean digestihility and biological values of corn and wheat stored 
as J:erneis or as ground meal ^ 



GIL.VIKS 

STOEED 

WHOLE 

GRAINS 

STOKED 

ground 

DIFFERENCES 

I^igestibiUtv 

90.25 :±: 0.54 

90.85 ±: 0.22 

0.60 ± 0.59 

biological value 

53.71 :t 0.39 

53.99 ± 0.26 

0.28 ± 0.47 

utillzatiou 

48.56 ±: 0.45 

49.10 ± 0.27 

0.54 ± 0.52 


^ The means are given with their standard errors and were obtained by pooling 
results of 7 samplings of stored wheat and corn. 


and for the final samples after 850 days of storage is 4.9 per- 
centage units for the samples stored whole, and 3.9 percentage 
units for the samples stored as a ground meal. 

It is quite commonly supposed that gn-ains keep better when 
stored as whole kernels than when stored as ground meals. 
For the corn and wheat samples studied in this investigation, 
and with reference to protein utilization by gTowing rats, this 
was not in general true. The statistics given in table 4 wei'e 
secured by comparing whole and ground grains without ref- 
erence to pairing. The differences between stored whole grains 
and stored ground meals in mean digestibility, biological value 
and net utilization of nitrogen are evidently insignificant sta- 
tistically. 
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Paired comparisons were made in those experiments in 
which the mean digestion coetfieients or- biological values dif- 
fered to such an extent as to suggest a difference between 
kei’nel samples and ground samples, i.e., in experiments 337, 
346, 348, 369 and 372. In these comparisons, the differences in 
digestibilities or biological values for each rat on stored whole 
sample and on stored ground sample were analyzed by the 
Student (’25) method. None of the differences proved to he 
highly significant (P = 0.02 or less), though one of them ap- 
proached significance. In experiment 348, involving wheat 
samples stored for 730 days, the mean digestibility of nitrogen 
in the whole grain storage sample was 88.40, and that in the 
gTound grain storage sample was 89.80%. The “t” value of 
the difference is 2.28 and the probability that a random combi- 
nation of the uncontrolled factors in the experiment would 
have produced a difference, in the same direction, as great or 
greater than this, is 0.024. It is to be noted that, in this case, 
the nitrogen of the ground sample exhibited the higher aver- 
age digestibility. The other probabilities obtained in these 
paired comparisons ranged from 0.14 to 0.29. 

It is Avorthy of note that the biological values for rvhole 
wheat protein recorded in table 2, averaging 49.2, are less than 
the avei’age of 67 previously reported from this laboratoiy 
(Mitchell and Carman, ’24) for Avheat of unrecorded variety- 
In unpublished experiments we have since found a biologica 
value of 43.4 for the proteins of wdiole rvheat flour from durum 
Avheat. There is more than a suspicion on the basis of these 
findings that there are marked differences among diffeien 
Amrieties of wheat in the nutritional value of their proteins. 
The proteins of the open-pollinated variety of corn exhibite 
an average biological value of 53.6 and those for the ^ 
variety, 61.1. These values agree Avell A\ith the value of 
previously reported for corn (Mitchell, ’24b). 

Changes in soybeans 

The soybeans stored in a ground condition, preheated and 
defatted, varied in protein digestibility and biologica va u 
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from sample to sample iu an irregular fashion. T e c a ^ 
in protein utilization were too small to he consi ei e sign 
cant, except for the changes that occurred fiom - 

storage to 1,020 days. In this interval, the protein digestihilitA 
dropped from 84.67 to 82.80, a drop of 1.87 ; the biological value 
dropped from 69.2 to 64.0, a difference of d^ 2 ; and the net uti i- 
zation from 58.6 to 53.0, a decrease of 5.6. Judged by t e 
criteria used in the interpretation of the values secured mth 
the wheat and corn samples, these differences are sUooCS ive 
of storage effects but do not constitute conclusive evidence. 
The drop iii digestibility of 1.87 is less than e cii ica 
ference of 2.47 between means of 10 variates. e 
lo^cal value of 5.2 is only slightly more than t e s an ai er 
ror of a difference between the means 

variates sampled at different times, 4.3 [y( 3.0_) + t • 

43] ; while the drop of 5.6 in net utilization is muc ess 
twice the standard error of a difference between two means o 

10 variates each, i.e., 4.3. ,, 

The soybeans stored whole, however, tell a different st . 
For 404 days of storage, the changes in biolo^cal value m 
these samples were irregular and not cleai y in ica iv 
effect of storage. The faff in digestibility ^hm per od 

from 85.30 to 80.00 is clearly a real change if Dud^ed by th 
critical value of 2.76 used in the analysis of the wheat and com 
data, mile this value is based upon mtra-gi’oup vaiiation, oi 
reasons given above, it seems to be faiidy app mable to the 

variation of means of samples taken at i imes. 

Between 404 and 1,020 days of storage the average digesti- 
bility of the soybeans stored whole dropped o.OO percentage 
units, the mean biological value dropped 10 A percentage uni s, 
and ihe mean net utilization dropped 10.8 percentage units. 
The reality of these decreases in protein utilization seems clear 
by die criteria of significance developed in the preceding 

^^ThTsample of soybeans stored in the uuground condition 
may be readily compared Avith respect to atiliaation ot protem 
with the sample preheated and stored m the ground condition, 
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since in each of the three tests each experimental rat received 
both types of bean samples. In protein digestibility, the soy- 
beans preheated and stored as a defatted meal exceeded the 
soybeans stored Avhole and unheated by 7.40 percentage units 
at 256 days of storage, by 4.67 precentage units at 404 days of 
storage, and by 7.80 percentage units at 1,020 days. In each 
case all paired comparisons favored the beans heated before 
storage, so the statistical significance of the differences is 
clearly established. 

A similar comparison of biological values favored the sam- 
ples heated prior to stoi'age, the average differences being 
11.1, 3.1 and 8.0 percentage units at 256, 404 and 1,020 days of 
storage, respectively. Statistical analysis of the individual 
paired data showed the first difference to be highly significant, 
data from all rats agreeing in the verdict. The biological values 
in the second test (404 days of storage) were so variable that 
no significance can be attached to the average difference. At 
1,020 days’ storage, the difference in biological value was sig- 
nificant at the 5% level (P = 0.050). 

The whole picture supports strongly the conclusion that soy- 
beans stored at 75° to 80°P. without pretreatment undergo 
changes in chemical composition that induce a marked reduc- 
tion in the digestibility of their nitrogen and in its biological 
value for the growing rat. These changes are not brought 
about by insect infestation or by any observed mold infection, 
and they occur in beans containing’ less than 10^ of moistuie. 
Under the conditions of this investigation, the impairment m 
nitrogen digestibility averaged 10 percentage units in 
days of storage, and the impairment in biological value ayei- 
aged 13 percentage units. The total impairment in the nutii ne 
value of nitrog'en, as measured by the net utilization values, 
amounted to about 17 percentage units, representing a deciease 
of 28%. This depression in the nutritive value of the pioteins 
of soybeans on storage is largely prevented by pretrea men 
with heat, 90 minutes at 17 pounds steam pressure. The 
ing and defatting of the beans prior to autoclaving presuiua . 
were minor factors, if they operated at all, in these chaJij^e . 
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The conclusion that grinding prior to storage is a minor factor 
in protein preservation under conditions that eliminate the 
action of insects and molds is based upon the information se- 
cured with corn and wheat. 

Soybean proteins are deficient nutritionally in the sulfur- 
containing amino acids. This fact has been demonstrated by 
ilitehell and Smuts ( ’32), Shrewsbury and Bratzler ( ’33), and 
many others. This is also true of the heated soybean (Mitchell, 
Hamilton and Beadles, ’45). The effect of supplementing with 
methionine the protein in the final samples of soybeans, stored 
either whole or ground but in both cases autoclaved before 
testing, was measured by the nitrogen balance technic previ- 
ously described. The average results for this test are sum- 
marized in table 5. 

From these data it is evident that methionine supplementa- 
tion had no demonstrated effect upon nitrogen digestibility in 
either sample of soybeans, but that it exerted a definite effect 
in raising the biological value of the nitrogen in each sample. 
The favorable effect of methionine supplementation was much 
greater for the beans heated before storage than for those not 
so treated. In the first case, the average biological value was 
increased by 20.2 percentage units, from 58.3 to 78.5 ; in the 
ease of the beans stored whole, the biological value Avas raised 
only 6.0 percentage units, from 54.0 to 60.0. Both increases 
were highly significant statistically. 

- Since methionine supplementation improved the biological 
value of the proteins in both storage samples of soybeans, and 
since methionine (or cystine) effectively supplements soy- 
beans, raAv or heated, that have not been stored (Mitchell, 
Hamilton and Beadles, ’45), it follows that the damage inflicted 
by storage on the metabolic utilization of soybeans is due pri- 
marily to an effect upon the cystine or methionine (or both) 
contained in the soybean protein. The fact that methionine 
supplementation improved the biological value of the pre- 
heated soybeans, after storage, much more than that of the 
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unti'eated soybeans stored as whole beans, indicates that tbe 
greater storage damage in the latter ease involved also other 
amino acids than cystine and methionine. 

TABLE 5 

Average results of supplementing with methionine the proteins of soybeans stored 
ground and as whole kernels for 34 months. (Each value relates to 
a group of 6 growing rats) 



TRUE 

DIGESTI- 

BIIilTY 

BIO- 

LOGICAL 

V.ALUD 


% 


I. Soybeans stored as 

a defatted autoclaved meal for 34 months 

No methionine supplement 

83.8 

58.3 

With methionine supplement 

85.7 

78.5 

mean differences 

-f 1.8 

-f 20.2 

standard deviation 

3.97 

8.73 

probability 

0.18 

0.0017 

II. Soybeans stored as "whole kernels for 34 months 


No methionine supplement 

77.2 

54.0 

With methionine supplement 

76.8 

60.0 

mean differences 

— 0.33 

-}- 6.0 

standard deviation 

2.16 

2.10 

probability 

0.37 

ca. 0.0005 


Interpretations 

The results of the experiments on corn and wheat, indicat- 
ing a high resistance of cereal proteins to nutritional change 
by agents that operate during storage at a low moisture leve , 
are in agreement with the findings of Robertson, Lute an 
Gardner (’39) that cereals (wheat, oats and barley) stored a 
a moisture level of 10% may he expected to last for two yeais 
or more if in good condition initially. In fact, they may letaiu 
80% of their original ability to germinate after 15 yeais stoi 
age (Robertson and Lute, ’37). As Oxley (’48) has pointed on , 
“. . . germination is the most sensitive characteristic of pain 
and hence it is generally true to say that if the germination is 
good, the grain is completely undamaged from the pom o 
view of milling. ’ ’ 
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In anotlier comiectioii Oxley says, ‘^Cereal grains are seeds, 
that is, they are tlie dormant resting stage of the plant ^vllicla 
bears them. Though they are alive, and all living things are 
continually respiring, producing heat, water, and carbon di- 
oxide, they are at a very low ebb. It is the combined effect of 
their continued life (which enables them to resist decomposi- 
tion by micro-organisms) and the very low level of that life, 
which makes cereal grains such pre-eminently stable bodies 
in store.’’ 

The results obtained with cereal grains are not necessarily 
opposed to the findings of Jones and co-workers (’41, ’42), 
since the changes in solubility of the proteins in saline solu- 
tions and the partial proteolysis observed by these Avorkers in 
stored grains do not necessarily imply a change in the nutri- 
tive value of the proteins. The decreased digestibility noted 
in tests carried out v'liro refers to I'ate of digestion rather 
than to the completeness of digestion, Avhile the decreased 
growth-promoting power reported for the proteins of stored 
corn in ad libitum feeding trials may have been brought about 
solely by a diminished food consumption conditioned by an 
impairment in the palatability of the corn during storage. 

The marked detrimental effect of prolonged storage on the 
nutritive properties of the soybean, Avhen the bean is not sub- 
jected to pre-treatment other than fumigation, places the soy- 
bean in marked contrast to the cereal grains. The possible 
causes for this distinction may rest largely in the difference 
in anatomical structure. The living part of the seed is the 
embryo or germ. The embryo accounts for only 2% or less 
of the wheat kernel and 9 to 10% of the corn kernel, but in 
the soybean it accounts for 92% of the bean, which consists 
entirely of seed coat and embryo. Embryonic respiration 
would be expected to be more intense in the soybean, there- 
fore, than in corn or wheat seed. The soybean contains a Avide 
variety of enzymes (Waksman and Davison, ’26), some of 
which may attack the amino acids produced from the seed pro- 
teins through protease action. The fact that preheating of 
soybeans largely eliminates the detrimental effect of storage 



480 


H. H, MITCHELL AND JESSIE B. BEADLES 


on tile nutritional quality of the proteins is in harmony with 
the view that the reactions involved are to a large extent en- 
zymic in nature. 

Another possible cause of protein deterioration in soybeans 
in storage is the occurrence of reactions between the proteins 
or the proteinog’enous amino acids and the sugars, mainly 
pentoses, that occur in soybeans to the extent of about 10% 
(MacMasters, Woodruff and Klaas, ’41). This sugar-amino 
acid reaction, the so-called “browning reaction,” has been 
shown by Henry, Kon, Lea and White (’48) to account for 
the nutritive deterioration of the proteins of dried skim nulk 
in storage at moisture levels of 5 to 7%, the pomt of attack 
being the e-amino group of lysine in the intact protein. Gly- 
einin, the globulin of the soybean, has been shown to react 
in the same wmy on refluxing with glucose (Patton, Hill and 
Foreman, ’48). The amino acids which seemed to be attacked 
by “bro'wning” an intact protein are chiefly those containing 
functional nitrogen groups unattached in peptide linkages: 
epsilon amino (lysine), guanido (arghiine), indole (trypto- 
phan) and imidazole (histidine) groups. However, amino 
acids liberated from soybean proteins by the proteases pres- 
ent would be subject, presumably, to the same reaction. This 
is not an enzymic reaction, but it is one that is accelerated 
by heat ; it would therefore occur both in the soybean sample 
stored whole and then autoclaved before being tested and in 
the sample autoclaved before storage. The smaller indicated 
protein impairment in the latter ease may be a result of the 
“browming reaction” only. 

SUMMAEY AND CONCLUSIONS 

The effect of storage at approximately 78°F. (25.5°C.) and 
at moisture contents of 6 to 12% on the nutritive value of a 
proteins of wheat (Turkey Eed), coim (an open-poHina e 
and a hybrid variety) and soybeans (Illini) was determine^ . 
The storage pei’iods lasted from 730 to 1,020 days. The corn 
and wheat samples were stored both as whole kernels an as 
meals ground to pass a 1 mm sieve. The soybeans were s oie 
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as whole beans and as an autoclaved, defatted, and dehydrated 
meal. The beans stored whole were autoclaved, defatted, de- 
hydrated and ground in the same manner before being tested. 

The tests of the biological availability of the proteins 
(X X 6.25) of the stored seeds were canned out two or three 
times during the storage period by the nitrogen balance pro- 
cedure developed in this laboratory, using growing albino rats 
as subjects. The utilization of the seed proteins in digestion 
was measured by the coefficient of true digestibility, making 
due allowances for the non-dietary niti’Ogen (metabolic nitro- 
gen) in the feces. The utilization in metabolism was measured 
by the biological value, representing the percentage of the 
absorbed nitrogen retained for maintenance and for growth 
under standardized conditions of feeding. 

The methods of testing used detected no consistent or sig- 
uificant deterioration in the digestibility or the biological value 
of corn and wheat proteins during storage for two to three 
years, either as whole kernels or as a ground meal. 

Soybeans stored for 1,020 days as raw whole beans deteri- 
orated definitely and significantly in both the digestibility and 
the biological value of their nitrogen (protein). Under the 
conditions of storage imposed, the average impaii’ment in di- 
gestibility of nitrogen amounted to 10 percentage units, while 
the impairment in biological value averaged 13 percentage 
units. The total impairment in the nnti'itive value of nitrogen, 
as measured by the net utilization values, amounted to about 
17 percentage units, representing a deterioration in the nutri- 
tive value of conventional protein (N X 6.25) of 28%. Since 
the preheating of soybeans prior to storage prevented this 
deterioration largely or entirely, the reactions responsible for 
observed changes are probably largely enzymic in character 
and involved in the respiration of the seed embryo, which 
makes up 92% of the whole seed. The possibility of sugar- 
amino acid involvement is discussed. 

Working with samples stored for 1,020 days, methionine 
supplmentation improved the biological value of both stora«-e 
samples of soybeans, as it does that of i-aw or heated fresldy 
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harvested beans; in tiie case of the samples stored raw and as 
whole beans, the average increase in biological value amounted 
to 6 percentage units, while for the preheated sample the in- 
crease averaged 20 percentage units. These facts permit the 
conclusion, first, that the damage inflicted by storage on the 
metabolic utilization of soybean proteins relates primarily to 
the cystine or methionine (or both) components of soybean 
proteins ; and, second, that the greater storage damage in the 
unheated beans involves also other amino acids than cystine 
or methionine. 

From the results of these and other studies it appears that 
the nutritive value of the proteins of cereal grains stored 
under conditions preventing insect infestation and mold 
growth (by lowering moisture content below a critical level) 
is not appreeiablj'- altered by seed respiration over long 
periods of time. This is not true, however, for the soybean, 
the proteins of which may suffer considerable nutritional dam- 
age after one year of storage. The distinction between the two 
types of seed may reside largely in the fact that the living 
part of the seed, the embryo, constitutes only a small part oi 
the cereal seed but a predominant part of the legume seed. 
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15 to 18 hens and one rooster. The chickens in each pen were 
fed rations differing- in quantity and quality of protein. 

The basal, low-protein diet (table 1) contained all the known 
nutrients in sufficient amounts for egg production and good 
hatchability, including approximately 9 gm of crude protein 
supplied mainly by yellow corn. The two high-protein diets 
were identical to the basal diet except that in one 20 parts of the 
corn meal were replaced by casein (commercial), and in the 
other 50 parts of the corn meal were replaced by soybean meal 
(commercial). 

TABLE 1 


Co7Jipositio?i of ihe basal diets fed to laying hens and to their chicks 


rN'GKEDlE^'TS 

HEJT FEED 
(low-protein) 

CHICK iCASH 

Yellow coru 

87 

50 

Alfalfa leaf meal 

5 

12 

Pulverized oats 


30 

Wheat meal 


47 

Soybean meal 


47.5 

Sardine meal 


6 

Limestone flour 

2 

2.5 

B-Y feed (250 fig ribofia\dn per gram) 

0.5 

0.92 

Manganized salt (96% NaCl; 6% MnSO*) 

0.5 

1.0 

Iodized salt 

0.2 


n-sterol 


0.075 

Vitamins A and B feeding oil (2,000 I.U. of 
vitamin A and 400 A.O.A.C. 
units of D per gram) 

0.3 


Steamed bone meal 

4.5 

' 


In each of the 9 experiments (table 2), hens in the two pens 
were fed simultaneously and their eggs collected for incuba- 
tion. For instance, in experiment 1 a low-protein ration ^yas 
fed to the hens in pen 1 and a high-protein ration containiUo 
casein to those in pen 2. In experiment 2 a similar feed was 
given to the same hens. In experiment 3 the rations Aveie 
changed; hens that had been on the low-protein diet weie pn^ 
on a high-protein ration containing soybean meal, and t 
previously on a high-protein diet containing casein were e a 
low'-protein ration, plus dried cow manure. 
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This procedure for simultaneous feeding' of the hens in the 
two pens and for changing' the diets at specified intervals was 
continued in experiments 4, 5, 6, 7, 8, and 9 (1948). Whenever 
a hen’s diet was changed, a period of three weeks was allowed 
to elapse before her eggs were used. This was done to elimi- 
nate the dietarj' effects of the previous ration on the eggs 
produced. 

T.\BLE 2 


rarioii 5 diefs and the order in which thei/ vjere fed to the hens whose eggs were 

coUected for incuhation 



EXPERI- 

MENT 

PEK 1 

PEK 2 

SERIES 

Ration fed to hen 

Ration fed to hen 

1 

(1917) 

1 

Low-protein 

High-protein-casein 


2 

Low-protein 

High -protein-casein 


3 

High-protein-soybean 

Low-protein, plus 
dried cow manure 

2 

4 

Low-protein 

High-protein-casein 

(1948) 

5 

Low-protein 

High-protein-casein 

6 

Low- protein 

High-protein-casein 


7 

Low-protein 

High-protein-casein 


8 

High-protein-soybeau 

Low-protein 


9 

High-protein-soybean 

Low-protein 


Incidentally, the egg production of hens on the high-protein 
diets was higher than that of hens kept on low-protein feed. 
After a three-month period, some of the hens on low-protein 
rations stopped laying. This accounts for the small number 
of chicks from hens on this particular diet in the experiments 
in the 1948 series in which mash supplemented with dried cow 
manure or extract was fed. 

The eggs laid by the hens in the two pens were gathered 
daily, marked for identification, and placed in a cooler at 55°'F. 
Once each week the eggs were placed in forced-draft incubators 
that maintained a temperature of 100°F. and a I’elative hu- 
midity of 55%. At hatching time each chick was weighed and 
wing-banded. 

Chicks hatched from eggs gathered in respective experi- 
ments were fed the chick mash (table 1) with or without sup- 
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plements. CMeks of hens fed low-protein rations served as 
controls in all instances. Chicks fed an identical ration, in any 
one experiment, whether in an experimental or control group, 
were caged together weekly (50 at a time) in the same com- 
partment of an electrically heated battery brooder. Feed and 
water were supplied ad libitum. Individual chicks were weighed 
when 14 days and 28 days of age, hut only the weights at 28 
days were used for calculations. 

The average gain of weight, sho'ivn in table 3, was calculated 
from the combined weights of all chicks of the same type 
reared in each experiment. In the statistical analysis (T 
value), comparison was made between the progenies of hens 
in pen 1 and pen 2. 

Comparisons of experiments within the same pen in the 
same series furnished additional data, 

RESULTS AND DISCUSSIONS 

The series of experiments carried out in 1947 and again in 
1948 showed that when the chicks were fed the same ration, 
consisting of mash only, those of hens fed high-protein rations 
containing casein gained more in weight than those of hens 
fed low-protein rations (table 3). In 1947 the average weight 
gains were, respectively, 240.8 gm and 196.9 gm, and in 1948 
they were 203.5 gm and 179.0 gm. The differences were found 
to be highly sigmificant. It should be emphasized again that all 
chicks in each experiment were caged together from hatching 
to their 28th day, and fed the same chick mash. The only dif- 
ference observed between chicks with the two types of prenatal 
nutrition was that one gained weight faster than the othei. 
The only difference in the food of their mothers was that the 
mothers in pen 1 received the low-protein diet in whicb^ the 
protein came mainly from corn, Avhile those in pen 2 receive 
the high-protein diet containing 20% casein. 

The same conclusion was reached when the progeny of pen 
mates in the 1948 series were compared. Chicks of hens fee 
high-protein rations containing casein gained an average o 
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203.5 gm, while those of hens fed low-protein rations gained 
only 164.2 gm. On the other hand, chicks of hens fed high- 
protein rations containing soybean meal showed less gain in 
weight than the control chicks. The ditferenees are statistically 
significant. Eesults obtained with the progeny of pen-mates 
confirmed these findings. The chicks of hens fed high-protein 
rations containing soybean meal gained an average of only 

154.0 gm and the chicks of hens fed low-protein rations 

179.0 gm. 

These resnlts indicate that there was present in the diets 
fed a hitherto mirecogmized growth factor. The carrier of 
this factor in the hens’ diets would seem to have been casein 
as the most effective, corn as intermediate, and soybean meal 
as the least effective under our experimental conditions, since 
these were the only varying constituents in the rations. 

Several tests were conducted in the course of these studies 
to establish a relationship between the growth factor found 
by us and the one which has been reported to be present in cow 
manure and in liver fraction “L.” Bird et al. (’48) showed 
that the addition of 5% dried cow manure to their chick ration 
resulted in increased chick growth. However, in our studies, 
Avhen 5% coav manure dried at 45°C. was added to the chick 


mash, chicks from hens fed the high-protein-casein ration grew 
more slowly and weighed less at 4 weeks than the controls. 
When comparison was made among’ the chicks of hens fed 
low-protein diets in the 1947 experiments, it was found that 


the chicks receiving mash supplemented with cow manui 
gained more weight than those receiving the mash only. 
other Avords, the addition of dried cow manure to the chic' 
ration; (1) caused a marked inhibition of growth in the high- 
protein-casein chicks; (2) had no effect on the growth of t ^ 
high-protein-soybean chicks; and (3) caused a slight increase 


in the rate of groAvth of the loAv-protein chicks. ^ . 

'VYlien chicks of hens fed low-protein rations containing due 
cow manure rvere fed on mash only, their Aveight gains Aveie 
not accelerated. This result indicated that the coav manui e 
groAvth factor Avas not transmitted to progeny under the con 
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ditions of this experiment. Under some^\llat 

mental conditions, Rubin and Bind (’46) concluded that the 

factor was transmitted. _ , , -n, td- ., i 

A sample of cow' manure extract furnished y i- 
preparation of w'hich has been described by u in an ^ ’ 

’46) and added to the chick mash caused only a 
tion in the gro^Yth of chicks of hens fed hig -casein ra . 
Seemingly, the inhibitory factor in this piepaia ion a 
mostly removed; the average gain of these ^ “ 

amounted to 196.5 gin. In comparison, the ^ 

Mgh-casein rations, when given mash with o% 
nure, gained onlv 162 gm; on mash alone ® ^ 

203.5 gm. The addition of cow manure extract to the m s 
produced accelerated weight gains in chicks o lens e 

protein rations. „ ,, . 

These results indicate the presence of a giow ^ ^ ° 

and a growth-promoting factor in dried cow manuie, 
do not explain why growth Avas inhibited m e c ic ° 
fed high-protein rations containing casein u no in 

hens fed low'-protein rations. „,,+a;n «> 

Wilson’s liver fraction “L” m also supposed to contain a 

growth factor. How'ever, when it was was ob 

mental arrangements no growth-stimulating effect s - 
served- the average gain in body weight both of chicks of hens 
fed low-protein rations and those oi hens fed 

rations containing casein was practiea y e sam . ^ i • r. ’ 

.» „ o-nin of hio-h-protein-casein enicks 

if we compare the average gam oi 

^ %r. o 31 with that of high-protem casern 

in column 10, pen 2 (taoie a;, l ^ „ i- 

cMcks in column 4, same pen. the mh.bhory effect of the hve, 

fraction “L” and not the growth-promotmg effect ts found to 

be the prevailing one. Under our evpeiumeutal coudrttons the 

inhibitory effect on the lorv-protcin chicks was sbght. 

It is doubtful Avhether the agent causing accelerated gi-owth 

inthehi-h-protem-casem chicks is identical with those growth 

factors already reported in the literature in couuection with 

casein feeding, such as factor S (Ca^ et al -46) strepogenm 

(Woolley, ’46), and factor S (Scott et al., ’40- First, the 
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growth effect we describe was transmitted from the caseiu-fed 
hen through her egg to the chick ; none of the chicks received 
casein in its diet. Secondly, we found uo accelerated growth 
of chicks from hens fed a high-proteiu-soybean diet; on the 
contrary, with such a diet the rate of growth was actually less 
than the growffh rate of the low-protein chicks (column 4). 
Sti’epogenin and factor S have been shown to be present in 
soybean meal (Woolley, ’46; Scott et ah, ’47). Additional 
heating of commercially obtained soybean meal was necessary 
before the activity of factor X could be noted (Cary et ah, ’46). 
However, the results we obtained with liver fraction “L” defi- 
nitely eliminate factor X as being responsible for the growth 
effect. 

Our experimental arrangements were such as to exclude the 
possibility that any known deficiency was a factor in the results 
we obtained. The chicks whose growth served as a criterion 
were reared together and fed a diet adequate in all nutrient 
factors known to be essential for chick development. The ex- 
planation of the better growth of the high-protein-casein 
chicks, observed during the 28-day period, m comparison to 
the low-protein chicks must reside in the differences in the 
dietary protein fed to the mothers of the chicks. We want to 
make it clear that, in our opinion, the transmittal of the growth 
factor we observed is not a result of inheritance as such, but 
strictly one of nutrition. We believe that the growth factor is 
incorporated in the hen egg, which serves as a food supply foi 
the developing embryo. 

SUMMARY 

A group of hens in two separate pens were fed, alternately, 
low-protein and high-protein rations. High-protein rations 
were obtained by adding soybean meal and casein, respec- 
tively, to the basal diet. 

The eggs produced were incubated and the chicks (reaie 
together) were fed a chick mash. Twenty-eight days after 
hatching their \veight gains were recorded. 

It was found that hens fed a ration containing 20% casein 
transmitted a growth factor through their eggs to the chic s. 
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With soybean proteins in the ration the same effect was not 
observed. 

The addition of dried cow manure or "Wilson’s liver fraction 
“L” to the chick mash inhibited the gTowth of chicks from 
hens fed the high-protein-casein diet. 

The addition of cow manure dried at 45°C. to the chick mash 
slightly accelerated the growth of chicks from hens fed a low- 
protein ration, hut failed to affect the growth of chicks from 
hens fed a high-protein-soyhean diet. 
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Advances in knowledge of the composition of available food 
supplies and potential food resonrces, in relation to man’s 
food requirements in terms of specific nutrients, command ever 
increasing interest. 

With very few exceptions, previous publications on assess- 
ments of specific nutrients provided in national food supplies 
have been based on computations derived by use of tables of 
“average or representative” composition of the individual 
food items involved. Obviously, both this method and the 
method of direct analysis possess certain advantages and dis- 
advantages. Considerable interest, therefore, attaches to com- 
parative results obtained by the two methods. 

One of the more recent and most extensive assessments of 
United States food supplies includes computed estimates of 
the apparent per capita consumption of major foods in terms 
of their retail weights and computations of the specific nutri- 
ents carried therein (Bureau of Human Nutrition and Home 
Economics; ’46). This report includes a table of computed val- 
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ues for 11 nutl'ients “available for consumption” per capita 
per day for the civilian population of this country for the years 
1909-1945. Another recent report deals with computations of 
the 22 uh'ient composition of national food supplies (in tei’ins 
of 11 nutrients) for the civilian populations, per capita per 
day, for the United States, Canada and the United Kingdom 
for the pre-war years 1943 and 1944 (Combined Food Board, 
’44). An attempt has also been directed toward a world food 
sui'vey by the Pood and Agriculture Oi’ganization of the 
United Nations (’46), which culminated in a report of compu- 
tations of the caloric values and protein content of the pre- 
war food supplies of 70 countries. 

Each of the three publications just cited refers to the dis- 
appearance of nutrients presumably supplied by the edible 
portions of the food involved. These computations include 
average deductions for inedible refuse but make no allowances 
for other Avays that food or food-nutrients can be lost or Avasted 
in homes and public eating establishments. 

Seemingly the only published acccounts of attempts to as- 
sess the various nuti’itive values of a national dietary by means 
of direct analyses, and with due alloA\mnees made for nutrient 
losses in cooking, ai’e those of Williams and his co-AVorkers. 
The tAvo reports of this Avork (Lane, Johnson and Williams, 
’42; Cheldelin and Williams, ’43) ai‘e coneeimed chiefly Avith 
thiamine and AAuth the riboflavin, nicotinic acid and pantothenic 
acid contents, respectively, of the “aAmrage American diet 
after all foods have been prepared for sei'ving. On this basis, 
the average American diet was reported to carry about 0.8 mg 
of thiamine, 1.4 mg of riboflavin, 11 mg of nicotinic acid and 
4.9 mg' of pantothenic acid, per 2,500 cal., proAuded none of the 
Avhite flour or bread component Avas enriched. Substantial 
increases in the thiamine, riboflavin, nicotinic acid and iron 
contents of the diet Avould perforce accrue by virtue of en- 
richment of the Avhite flour component or of breadstutfs made 
A\dth Avhite flour. An estimate of the increments contributed 
in terms of the three vitamins in the enrichment ingredients 
based upon earlier enrichment standards (Federal Eegister, 
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>41) ^vas computed by Williams and his associates, but each 
of these would require recomputation to be in aceoid wit e 
upward revision of the standards for these nutrients in en- 
riched Bour (Federal Register, ’43) promulgated subsequent 
to publication of the Williams et al. reports. 

The present investigation was designed primarily to^ de ei- 
mine by direct analyses of composited sample^ food m^tui es 
the various nutrient contents of our national dietary wit an 
without such nutrient contributions as are potentially avail- 
able in the form of enriched flour-converted products, all oo 
items in the mixtures having been prepared for serving. Some 
further work was included to provide information on nutrient 
losses occasioned by conversion of enriched flour to eniic e 
flour-converted products, and on those losses occasioned by the 
cooking of such other food items as are not generally eaten in 
the raw state. 

Analyses of national food supplies, especially atter the prep- 
aration of the food for serving, quite naturally provoke an 
inquiry as to the nutritional evaluation of the national dietary. 
Any resolution of such an inquiry presupposes the existence 
of some appropriate standard of reference for comparison, a 
matter which was not a subject of study in the observations re- 
ported here. However, the dietary allowances for 10 nutrients 
as recommended by the Food and Nutrition Board (’43, ’4o, 
’48) could, within the limits of a rough approximation, be com- 
puted in terms of daily per capita allowances by taking into 
account the general distribution of the population as regards 
age, sex and activitv. These data, combined with knowledge of 
the nutritional contributions of national food supplies after all 
items therein have been prepai ed f oi seiwing, should at least 
provide an indication of whether a national dietaiw is poten- 
tially or inherently capable of meeting the recommended die- 
tary allowances for such nutrients as were covered by the 
analyses. For the purposes of such an appraisal the authors 
of the present article have included weighted averages for the 
recommended dietary allowances in terms of specific nutrients 
for the estimated composition of the civilian population of the 
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tTnited States as of Julv l iqaa i-; ■. • , 

vision of these allowances’ (Foo’d 

experimental 

P.-o^orKo,« 0 / various food itenis is. a mixture considered 
ept esentahve of our national dietary 

the quantii^of ieh items, together with 

complete food miNt?^’ i^e^ed m 3,000-caI. allotments of the 
the edible nm-fm ^ r ^^aiyzed as a representative sample of 
years. In nlaTmi^^^- r States food supplies in recent 

food items to hp proportions of various 

made oTthe IT ^ was 

Statistics IttT^ publication of Agricultural 

puwLata of Agriculture, ’47), of a recent 

nomics ( ’461 of Human Nutrition and Home Eco- 

Lane JolTn<?n average American diet bv 

chased ^or the conversion of pui- 

able recomS^^ portions of food, consider- 

Adaxis ( ^40) “ 

ties of°thp^r ure given in terms of the quanti- 

comuletp nutrients in 3,000-cal. allotments of the 

thereof wR • h some designated component part 

was splppfp^L^^!^ specifically indicated. The 3,000-cal. base 
Dear to ho ^ ^ authors because this allotment would ap- 

ratp npv fl ® the apparent per capita consumption 

Drenarp A •" combination of all foods as 

prepared for serving at the nation’s tables. 

ba<5i«^r T T giving a detailed account of the 

HifFaro proportions of the approximately 75 

u 00 items included in the complete food mixtures 

to the various Off population of the United States corresponding 

Board’s listing of recommrnderd" 2 '''*'°iT in the Food and Nutrition 

Haywood Burpa,, nf dietar7 allowances was provided bj Dr. Margaret 

SS nr ronVT r Econonrics, U. S. Department of Agriculture, 

of the Pood and AT t" during the latter’s period of service as Secretary 

of the Pood and Nutrition Board, National Research Council. 
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analyzed. In lieu of this, the reader’s attention is called to the 
data^n column 4 of table 1, ^vhere the authors have set forth 
the annual rates of apparent consumption of the foods includec 
(“as purchased” basis), which would correspond to the 3,000- 
eal. allotmeut in terms of edible portions. A further judgment 
of the rationale of compositing the edible portions of the foods 
as indicated in table 1 can be made by comparison of the data 
in column 4 with data on apparent per capita consumption 
rates released in recent years by two Bureaus of the Unite 
States Department of Agriculture (see columns 5 and 6 of table 

One detail with regard to fats, other than fat-spreads, should 
perhaps be mentioned here, since in the present report the 
treatment of this item marks a distinct departure from that 
with regard to any other foodstuffs listed in table 1. Much of 
the cooking fat and fat rendered from fat cuts of meat, al- 
though purchased as food, does not customarily appear on 
American tables. This fact was well borne out in domestic fat- 
salvage programs during the World War II period and m 
surveys of food wastage made during 1917-19 as reported by 
Pearl (’20). For this reason, the authors have deleted from 
the food mixtures analyzed about 10 lb. of cooking fat per 
capita per year, as a conservative allowance for the amount of 
fat purchases which would not appear as food prepared for 
serving. 

Preparation of sample food mixtures 

The individual food items to be combined in the mixture 
representative of the national food supply were purchased in 
the local retail markets of jMinneapolis in early July, 1948. 
The kinds and relative quantities of the various food items 
included in the complete food mixture are shown in table 1, 
columns 1 and 2 respectively. Multiples of the quantities of 
foods shown in column 2 were composited foi analyses in terms 
of the constituents indicated in the following section on 
Methods of Analyses. 
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All nou-perisliable food items included in the food mixtures 
were assembled one to two days preceding laboratoiy prepara- 
tion of the mixtures. All perishable items were delivered to the 
laboratory in the late afternoon of the day immediately preced- 
ing preparation of the mixtures, and were stored overnight 
under refrigeration (4.5°C.). Cooking, according to the meth- 
ods indicated in column 3 of table 1, and other customaiy prep- 
arations of the various purchased food items, wei’e begun early 
the following day according to a carefully prearranged sched- 
ule of timing, so that all items would be ready for mixing and 
blending at approximately the same time. A large share of the 
vegetable cookery was done in pressure saucepans, which fur- 
ther facilitated completing the preparation of these foods on 
schedule. As is indicated in table 1, expressed juices as well as 
cooking liquids wei'e included in the sample mixtures except 
for cooking liquors associated vdth a few strongly flavored 
vegetables. 

The blending of the individual food samples was accom- 
plished by subjecting the specified kinds and quantities of food 
items to trituration in the glass receptacle of a motox’-dinven 
food blender. Except for such analyses as were initiated im- 
mediately after conclusion of the blending operation, analyses 
were made on aliquots of the mixtures which had been quick- 
frozen immediately after the blending of the food mixtures, and 
stored at a temperature of — 29° C. 

The following food mixtures were assembled for analysis 


from single lots of purchased food items : 

Mixture 1. Complete food mixture composed of the indi- 
vidual food items of the kinds and in the quantities specified 
in table 1 and ivith cooking procedures confined to the enriched 
flour component, 50% of this flour having been made into 
yeast-raised bread and 50% into baking powder biscuits. 

Mixture 2. Complete food mixture, the same as inixtnie 1 
except that all food items were prepared for serving prioi o 
the blending of the individual food items. 
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MiKtnve 3. Identical to mixture 2 except that the 
ening agents, salt, yeast food and malted gimn m all the 

riched flour-eouverted ^ "'^‘"'^•^ret^lescribed above, 

In addition to analyses of tne - f Ihp enriched 
separate analyses were made on an a iqtio items at a 

flour sample which was purchased a ong wi biscuits 

local market and employed in making the bread and biscuits 

includedinmixtnres 1 and 2. detei-mine 

Since one of the obDectives of this stuay was national 
the potential contributions of enriched flou ggieeted or 

food supply, rather than those of some 

assumed proportion of enriched an ^ 2 were 

tire w'hite flour-converted componen s m m biscuits ^ 

made ivith enriched flour. The selection of bread 

as ean-iavs of 

component m mixtures 1 and 2 is, ot c ic n-nt in our na- 

cation of fto many nses to scMe “TtMs 

tional dietaay, Hosyever, the authors ^ f "f. “f 

simplification in ^J“nts as rvonld belnvolvcd 

toe yataos for such ^ ,,yte flour is currently 

in the wide assortment of uses t 

%ho tewZSties of coohing fats and of sugar (sucrose) 
Jo“d\u each ot the three lood ^tures we ‘he 
1 ii lUpse two itcms did, 01 clia not, appeal as 

whether portions The remainder of the non- 

mgrcdients of tire bread and hiscnits (yeast, 

floni mgiedients phosphate type of bak- 

malted gram, T;;/ -i-t-es 1 and 2, wherein 
mg powder) w represented as enriched flonr-eon- 

the flour compo procedure was adopted after due con- 

verted produets. Jhis piece ^ of analytical results to be 

antoipSed by introducing so questionable a procedure as 

ated fat 3.o, stigar d, ^ grams) : Enriched dour 100, hydrogenated fat 

•Biscuit foT«ula 2.50, salt 2, .^•ater 85. 

15.38, baking powder 14.». 
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having live j’-east and unspent baking powder intimately asso- 
ciated with the constituents of mixture 1, Neither of these 
substances is normally associated in human dietaries with 
other than floux’-eonversion pi’oducts. 

All cooking procedures applied to either vegetables or meats 
were conducted with the objective of retaining maximum nutri- 
tive values. The I’eader -will x’ecognize this as a departure of 
indeterminate magnitude from average cooking practices in 
kitchens throughout the nation. It was decided that any ar- 
bitrarily selected variations with regard to conservation of 
nutrients would have introduced a situation very difficult, if not 
impossible, to evaluate, and would have been entirely incon- 
sistent with the over-all objective of investigating the potential 
maximum of nutritive values in national food supplies. 

The beef, poi'k and lamb samples included in the mixtures 
were selected in each case as I’epresenting, in our judgment, 
medium fatness and good quality. In so far as it was possible 
to do so, individual fi'uit and vegetable items were included in 
the food mixtures in the form or forms (fresh, canned, dried) 
most widely purchased by consumers. A few of the less com- 
mon fruits and vegetables, grown and consumed in this country 
but not included because of their inaccessibility, were replaced 
by items having similar usages. This statement is made in ex- 
planation of the fact that the food items incorporated in the 
complete food mixtures (table 1) show omissions of some of 
the less common or regionally i*esti*icted fi’uits and vegetables. 
It was obviously impossible to select absolutely identical sam- 
ples from retail purchase lots of such structurally inhonioge- 
nous items as meats and vegetables for inclusion in the raw 
and prepared food mixtures, respectively. However, maximum 
cai'e was taken to secure as nearly matched samples as visual 
perception pei'initted. 

Methods of analysis 

The methods of analysis used in determining the quantities 
of various constituents in food mixtures 1, 2 and 3 and in the 
enx’iehed flour are indicated in table 2. 
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The analyses for thiamine, ribotlavin and nicotinic acid were 
initiated immediately following the blending of the food mix- 
tures. The remainder of the analyses were made on aliquots 
of the same food mixtures which had been quickly frozen and 
stored in the frozen state at a temperature of — 29°C. 


TABLE 2 

Analytical methods employed in the determination of various constituents in 
enriched flour and in food mixtures 1 , 2 and 3 


CONSTITUENT 


METHOD 


Nitrogen 
Protein quality 


Ash 

Crude fiber 
Pat 

Calcium 

Phosphorus 


Iron 

Potassium 


Thiamine 
Piboflavin 
Nicotinic acid 

Pyridoxine 


Pantothenic acid 


Moisture 
Vitamin E 


Kjeldahl method as outlined by Assn, Offic. Agri. Chem. 
(M5),p. 26. 

Xitrogen balance (using young rats 50-60 gm in weight) 
in terms of whole egg protein replacement value; Sum- 
ner, Pierce and Murliu (^38). 

Assn. OfiSc, Agri, Chem. (M5), p. 238, 

Assn, Offic. Agri, Chem. (Mo), p. 409. 

Acid hydrolysis as outlined by Assn. Offic. Agri. Chem, 
(M5), p. 240. 

Assn. Offic. Agri. Chem. (Mo), p. 415. 

Ammonium vanado-molybdate method as adapted to cereal 
products by the General Mills analytical research staff, 
based on methods of Murray and Ashley ( ’38) and Wil- 
lard and Center (Ml). 

a, a-dipyridyl method, Am. Assn, Cer. Chem, ( M7), p. 47 . 

Volumetric chloroplatinate method of Gerritz (M2); also 
flame photometer method conducted for us by the Lab- 
oratory of Vitamin Technology, Chicago, 111. 

Am. Assn. Cer. Chem. (M7), p. 114. 

Am. Assn. Cer. Chem. (M7), p. 121. 

Microbiological method of Andrews, Boyd and Gortner 
(M2). 

Yeast growth method of Atkin et al. (M3), conducted for 
us by the Laboratory of Vitamin Technology, Chicago 
111 . ' 

Microbiological method of Skeggs and Wright (’44) 
conducted for us by the Laboratory of Vitamin Tech- 
nology, Chicago, HI.; same method modified to include 
clarase digestion, conducted for us by Food Research 
Laboratories, Inc., Long Island Citv X, Y. 

Assn. Offic. Agri. Chem. ('45), p. 382,' modified to include 
overnight drying. 

Biological assay following the principle of Palmer 's ( ’37) 
method. ^ 
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In the eases of moisture, ash, nitrogen, fat, ci'ude fiber, cal- 
cium, phosphorus, iron and potassium, two or more entirely 
separate analyses were made for each constituent, with each 
analysis including determinations made in either duplicate or 
triplicate. The values shown in this report represent simple 
avei’ages of the two or more sets of analyses made at different 
times. 

The thiamine analyses were made in triplicate under the 
supervision of two analytical chemists working* independently 
of one another. The values for thiamine represent simple 
averages of these three separate analyses. 

The analyses for pyridoxine and pantothenic acid and for 
potassium by the flame photometer method were, as is indi- 
cated in table 2, conducted for us in outside laboratories. 

Appreciable amounts of water were required to be added to 
the food mixtures during the blending’ process to facilitate 
mixing. Moisture determinations made on these diluted mix- 
tures, therefoi’e, served to provide the means for computing 
the contributions of the various constituents to the total 
weights of the mixtures, but no attempt was made to make 
direct determinations of the moisture contents of the undiluted 
food mixtures themselves. 


EESUETS 

In table 3 are given the results of the analysis of samples of 
the three composited food mixtures and the enriched flour de- 
scribed earlier. The data shown in columns 2 to 5 inclusive 
refer to the quantities of respective constituents found in ap- 
proximately 3,000-cal. allotments of the complete food mixtures 
(or indicated component parts thereof) representative of our 
national food supplies in recent years. 

A 3,000-cal. allotment of United States food supplies corre- 
sponds roughly to about 1.6 kg of fresh foods (E. P. basis) and 
to approximately 0.7 kg of edible dry food-substance. Thus, in 
spite of the lack of direct determination of the moisture con- 
tents of the undiluted food mixtux’es, it can nevertheless be 
stated that our over-all national food supplies are comprised, 
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very roughly, of iOfo and 60% of dry food substance and mois- 
ture, respectively. 


TABLE 3 

Ajuilj/tical data showinf;^ 7 nUrit’nt coinposition of food mixtures I, 2 and 3 (see text) 
and of uncooked enriched flour ingredient included in mixtures 1 and 2 vi 
the form of bread and (Computed data in column 6 

included for comparative purposes) 



COilPLETE 
KATIONAIj 
DIET.VBY 
WITH ALU 
ITEiXS EXCEPT 
EXIUCKEO 
FEOUtt 
UNCOOKED 
(M,ixture 1) 

iClXTUBES PREPABED 

FOB SEBYING 


COMPUTED 

REC03I- 

MENDED 

COltSTlTUEUT 

Complete 
national 
dietary 
(Mixture 2) 

Mixture 2 
with enriched 
flour in* 
gxedient 
omitted 
(Mixture 3) 

ENRICHED 

FLOUR 

COMPONENT 

(199 Km) 

DIETARY 
ALLOWANCES 
PER CAPITA 
PEE DAY ^ 

(1948 

revision. 

basis) 


Proteiu 


(N X 6.25), gm 
Protein 

(N X 5.7), gm 
Protein quality 
(% egg protein 

91. 

93. 

67. 

21. 

64. 

replacement) 

81. 

84. 

88. 

65. 


Ash, gm 

23.1 

23.9 

11.8 

0.8 


Fiber, gm 

Fat (acid 

8. 

9. 

7. 

0.4 


hydrolysis), gm 
Carbohydrate (by 

94. 

99. 

92. 

2.4 


diflterence), gin 

447. 

447. 

280. 

151. 


Calories 

3000. 

3050. 

2215. 

708. 

2610. 

Calcium, gm 

1.03 

1.04 

0.78 

0.03 

1.1 

Phosphorus, gm 

2.95 

3.06 

1.12 

0.18 


Iron, mg 

Potassium (chem. 

17.7 

20.4 

9.8 

7.5 

11.7 

method), gm 
Potassium (flame 

3.0 

3.0 

2.7 

0.2 


photom.), gm 

3.2 

3.0 

2,9 

0.1 


Thiamine, mg 

2.03 

1.78 

1.09 

0.96 

1.2 

Biboflavin, mg 

2.13 

2.14 

1.50 

0.48 

1.6 

Nicotinic acid, mg 

20.7 

20.2 

13.2 

8.2 

12.6 

Pyridoxine, mg 
Pantothenic 

1.7 

1.0 

1.4 

0.1 


acid, mg 

Dry weight of food 

8.1 

8.0 

5.1 

1.1 


mixture, gm 

663. 

072. 

458. 

175. 



^ For source aud derivation of these figures, see text, pages 497 and 498. 
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According to the analytical data set forth in table 3, the 
civilian population of the United States dei'ive about 12% of 
the total calorie value of their food from protein, about 28% 
from fat and about 60% from carbohydrates. 

The protein in composited samples of our over-all national 
food suppty, all items in the mixture having been prepared for 
serving, was observed to have a whole egg protein replacement 
value of 84%, while the protein in the same diet minus the 
entire white flour component showed a whole egg protein re- 
placement value of 88%. The proteins of the white flour, the 
white bread and the biscuits showed no significant ditferences 
in biological quality, each exhibiting a whole egg* protein re- 
placement value of approximately 65%. Thus white flour 
proteins, providing about 25% of the total pi-otein in our 
national dietary, alter the over-all protein quality of the diet- 
ary in only small degree from that found in the composited 
non-flour component. 

The calcium and phosphorus contents of food mixture 1, as 
well as of food mixture 2, were appi'oximately 1.0 gm and 3.0 
gm, respectively. The calcium and phosphorus contents of our 
national dietary, exclusive of baking powders, yeast foods and 
all leavening agents carried by phosphated and self-rising 
flours, would be of the order of 0.80 gm and 1.3 gm, respec- 
tively, per 3,000 cal. It is clear, however, that various ma- 
terials other than yeast which are commonly used as leavening 
agents contribute significantly to the available dietary supplies 
of calcium and phosphorus of the American people. These also 
include phosphated and self-x’ising types of white flour, widely 
consumed in southern and southwestern regions of the United 
States, neither of which was included in the samples of the 
national dietary anatyzed by us because of the apparent lack 
of reliable records of consumption rates on a natioiiAvide scale. 

The iron content of United States food supplies amounted to 
about 18 to 20 mg jDer a 3,000-cal. allotment of food, which 
quantities include iron derived from tap water used in cooking 
and from contamination by cooking utensils. 
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Except in the case of thiamine our observations have not 
mdicated any necessity for the incurrence of B vitamin losses 
of much over-all practical significance as a result of simple 
cooking procedures. The thiamine value of a 3,000-cal. allot- 
ment of United States food supplies jDrior to preparation of 
the individual food items for serving was observed to be about 
2.3 mg (2.03-[1.78-1.09] -1-0.96); the same quantity of food 
after preparation for serving was observed to carry about 1.8 
mg of thiamine, or about 20 to 25% less than was present in 
the total raw foods. These data refer to the complete food 
mixtures when the entire white flour component is enriched 
and when all cooking procedures are conducted with strict 
attention to conservation of the maximum thiamine values. 
The unavoidable losses in thiamine occasioned by preparation 
of the foods for serving were sustained m approximately equal 
proportions by the enriched flour and non-flour components. 

The white flour component, assuming all of it to be enriched, 
would provide (in addition to about one-fourth of the total 
protein, around one-third of the carbohydrate and from 2 to 
3% of the fat) approximately the following percentages of the 
other nutrients in United States food supplies after careful 
preparation of the foods for serving: 40 of thiamine, 25 of ribo- 
flavin, 35 of nicotinic acid and at least 45 of iron. The white 
flour component also provides appreciable amoimts of calcium, 
phosphorus, potassium, pyridoxine and pantothenic acid, al- 
though the practical importance of these would appear to be 
minor except in dietaries where flour is consumed in more- 
than-average quantities. 

The results of attempts to assess the vitamin E values of 
the mixtures representing our national food supply before 
and after preparation were not entirely satisfactory because : 
(a) the quantities of the food mixtures required to be fed over 
the 10-day supplementary feeding period greatly lowered, and 
at some levels of feeding entirely displaced, consumption of 
the vitamin E-free ration; and (b) it was quite obvious that 
major destruction of the vitamin E activity in food mixture 1 
had taken place within the 15-day interval between preparation 
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of the mixtures and completion of the 10-day feeding period. 
The results, in comparison with those found with rats consum- 
ing the vitamin E-free ration supplemented with different 
levels of alpha-tocopherol, indicated a potency equivalent to 
about 18 mg of alpha-tocopherol per a 3,000-cal. allotment of 
our national food supplies after preparation for serving, and 
only about one-third of this amount in the same quantity of 
food mixture 1. Obviously the vitamin E determination made 
on food mixture 1 is not valid. To what extent the destruction 
of vitamin E or the displacement of the vitamin E-free ration 
during the 10-day feeding period may have affected the results 
obtained for mixture 2 cannot be assessed, but it is obvious 
that major destruction of the vitamin E activity had taken 
place in food mixture 1 despite low temperatui*e storage 
{ — 29 °C.) of the material prior to feeding. In view of the ob- 
vious rapid destruction of vitamin E activity in at least one 
of the food mixtures, this work was not followed up with at- 
tempts to reassess the vitamin E activity, using fat-solvent 
extracts of the mixtures. 

Difficulties analogous to, or even more serious than, those 
encountered with vitamin E could reasonably be expected in 
attempts to determine vitamin A and ascorbic acid values in 
composited and blended food mixtures, and for this reason 
these latter two vitamins were left entirely out of considera- 
tion in this study. 

DISCUSSION 

Since all of the analytical data presented in table 3 for en- 
riched flour and for composited food mixtures 1, 2 and 3 repre- 
sent observations for which samplings of the same lots of each 
food item concerned were employed, these data would seem to 
invite, or at least lend themselves quite logically to, various 
types of computable interrelationships. In this connection, 
however, the authors wish to emphasize that the data shown for 
eni'iched flour and for the three food mixtures are primaiy 
sets of data derived in each case by separate analyses. The 
well-known concept of additive experimental error, therefore, 
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caimot be disregarded as a factor of potential importance in 
mathematical manipulations of these data. 

On the basis of data presented here and elsewhere there 
should be no difficulty in making comparisons of the nutrient 
compositions of United States food supplies (prepared for 
serving) with and without benefit of enrichment of the white 
flour component. Obviously the substitution of unenriched 
flour for an equal weight of enriched flour would not alter the 
nutrient composition of our national dietary except as regards 
nutrients included as enrichment ingredients. Lane et al. ( ’42) 
and Cheldelin and Williams (’43) have already reported in 
earlier issues of this Journal the thiamine, riboflavin and nico- 
tinic acid values of United States food supplies when the entire 
white flour component was unenriched. The data of these 
authors show a 3,000-eal. allotment of our national food sup- 
plies to contain 0.92 mg thiamine, 1.7 mg riboflavin and 13 mg- 
nicotmic acid; which findings in the light of various types of 
information assembled in this laboratory, appear to be thor- 
oughly representative, yet stand in marked contrast to the re- 
spective values for these three nutrients in our mixture 3 (see 
table 3), wherein the entire white flour component was en- 
riched. 

It will be noted from data presented in table 3 that, even 
after making due allowance for the difference in protein 
factors used in expressing the protein content of the enriched 
flour and non-flour components, the sum of the protein in these 
two fractions is slightly less than the protein content of either 
of the complete food mixtures. The shortage is presumably 
to be accounted for by sampling errors and by the relatively 
small protein contributions of yeast and malted grain, which 
were included only in complete food mixtures 1 and 2. 

Any rational evaluation of the data presented in this report 
with the objective of arriving at an opinion or judgment of 
the nutritive adequacy of our over-all national food supplies 
must take into account the fact that our data make no allow- 
ances either for food wastage in homes and public eating 
establishments, other than for 10 lb. rendered or cooking fat 
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per capita per year, or for unnecessary losses in food nutrients 
occasioned by over-cooking or by bolding foods at elevated 
temperatures after cooking. Tbe only report of a large-scale 
investigation of food wastage known to tbe authors is that 
of Pearl (’20), who estimated that during tbe years 1917-19 
at least 25% of tbe fat, probably as much as 20% of tbe carbo- 
hydrate, and about 5% of the protein in our national food 
supplies appeared in tbe nation’s garbage. 

In connection with Pearl’s observations it might also be of 
interest to point out that there appears to be a decided trend 
toward over-consumption or wastage of food as the family 
income and the amount of income expended for food rise above 
family subsistence levels (Booher, ’48). Moreover, according 
to the reports of several investigators (Briant et ah, ’46a, b; 
Goodbart, ’43 ; Heller et ah, ’43 ; Nagel and Hai*ris, ’43 ; Sarett 
et ah, ’46; Streightoff et ah, ’46; Wertz and Weir, ’44), the 
degree of retention of specific heat-labile nutrients in foods 
prepared and served in public eating places bespeaks an urgent 
need for improvement in cooking procedures in order to avoid 
unnecessary losses of thiamine, ascorbic acid, riboflavin and 
nicotinic acid values in foods. Possession of adequate food 
supplies alone will, obviously, not assure an adequate national 
dietary. 

By combining tbe data shown in table 3 for enriched flour, 
mixture 1 and mixture 3, one can arrive at figures for the re- 
spective nutrients present in the composited food supplies in 
tbe raw or unprepared state. According to our observations, 
tbe minimum loss of thiamine to be anticipated as a result of 
careful preparation of our national food supplies is on the 
order of 20 to 25% of that in tbe original raw food, while losses 
of riboflavin, nicotinic acid, pyridoxine and pantothenic acid 
under the same conditions are of no practical significance. 
These observations, however, do not in the least conflict with 
tbe observations of others that maximum conservation of heat- 
labile nutrients falls far short of being common practice in our 
nation’s kitchens. 
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As the result of data presented here, as Yrell as the findings 
in various other publications herein referred to, it would seem 
appropriate to conclude that our over-all national dietary is 
inherently and potentially capable of providing the recom- 
mended dietary allowances (recommended intakes) of each of 
the 7 specific nutrients applicable to studies reported here. 
This potentiality, however, is contingent upon negligible food 
wastage, maximum conservation of food nutrients in the proc- 
esses of food preparation, and use of a large proportion of the 
white flour component in the form of enriched flour (or an 
equivalent thereof). 


sim:nARY 

Analyses of food mixtures representative of United States 
food supplies in recent years in terms of proximate composi- 
tion, protein quality, calcium, phosphorus, iron, potassium, 
thiamine, riboflavin, nicotinic acid, pyridoxine, pantothenic 
acid and vitamin E are herein reported. 

The data presented provide the means for assessing the 
levels of these nutrients in the white flour and non-white flour 
components of our national dietary prior and subsequent to 
the application of simple cooking procedures to the individual 
foods included, the white flour component being represented, 
in accordance with the stated objectives of this investigation, 
as enriched flour. 

It is demonstrated that the relatively large losses of thia- 
mine and the lesser losses of other B vitamins reported by 
earlier investigators to have been encountered in various pub- 
lic or communal eating establishments represent, in large 
degree, unnecessary losses of food value. 
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(Keceived for publication August S, 1949) 


A utunber of investigators liave shown that animals vary in 
their ability to convert carotenoid pigments into vitamin A. 
Differences have also been reported in the utilization by ani- 
mals of carotenoids obtained from different sources. The 
above variations give rise to differences in the biological ac- 
tivity of carotenoids as regards their vitamin A potency. 
Callison and Orent-Keiles (’47) have shown that carotene de- 
rived from cai’rots is not utilized in the human body to the 
same extent as carotene obtained from other sources. Guggen- 
heim (’44), working vuth rats, found that only from 33% to 
67% of the carotene of plant origin is utilized as compared to 
the carotene in beef liver; the carotene from lettuce was formd 
to be an exception, being utilized equally as well as that derived 
from liver. Hickman et al. ( ’44) and Harris et al. ( ’44) showed 
that natural mixed tocopherols enhanced the growth-promotino- 
power of vitamin A and markedly influenced the vitamin A ac- 
tivity of carotene in the rat. 

In the present investigation a study was made to compare 
the utilization by the chicken of vitamin A-aetive substances 
in the form of 3-carotene, vitamin A esters from fish liver oil 
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and the naturallj’’ occurring carotenoids in fresh alfalfa and 
dehydrated alfalfa meal. The criteria for carotene utilization 
are based on Iwer storage, blood levels, and egg content of 
vitamin A and carotene. Frey et al. ( ’47) have presented data 
indicating that serum levels of vitamin A in cattle are a good 
index of vitamin A status in this animal. Within a AAude range, 
Iwer stoi'age was found to he approximately proportional to 
intake. The above observations haAm been confirmed by Hartz- 
ler (’48), using human subjects. Hoefer and Gallup (’47) 
compared the levels of vitamin A in the blood and livers of 
fattening lambs, the sources of carotene being alfalfa meal 
and carotene concentrates. Alfalfa meal Avas found to maintain 
a higher level of Autamin A in the blood than did carotene con- 
centrates. Ross et al. (’48) found that Holstein heifers AA^ere 
capable of utilizing vitamin A alcohol and the natural esters 
of vitamin A more efficiently than carotene concentrates. 

EXPERIMENTAL DESIGN 

One hundred AAdiite Leghorn hens, approximately 9 months 
of age, were selected from a single flock on the basis of uni- 
formity of size and condition. The birds AA'^ere divided equally 
in 5 pens of the same size and shape. From February 4, 1948, 
to March 7, 1948 (33 days), they Avere fed the folloAving basal 
diet, loAv in vitamin A activity: ground barley 37%, pulverized 
oats 25%, Avheat gray shorts 20%, soybean oil meal 5%, meat 
and hone scrap 5%, pulverized limestone 3.5%, dried yeast 
3%, steamed hone meal 1%, iodized salt 0.5%, n-activated ani- 
mal sterol (2,000 AOAC U/gm) 25 gm %, and manganese sul- 
fate 5 gm %. Blood samples Avere taken by Aving puncture 
from 15 birds for vitamin A and carotene analysis at the time 
they Avere placed on the basal ration. On March 4 (30 days), 
tAA'-o birds from each pen were sacrficed to determine liver 
stores and blood leA^els of Adtamin A and carotene. Body re- 
serves of the two constituents were found to have been suffi- 
ciently depleted to permit placing the remainmg birds on the 
various supplements containing 2,000 I.TJ. of vitamin A per 
pound of ration consumed. The rations receiving their vitamin 
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A activity from carotene contained 1.20 mg- of carotene per 
pound (assuming 0.60 pg of carotene to be equivalent to 1.0 1.TJ. 
of vitamin A). The rations receiving their vitamin A activity 
from fish liver oil contained vitamin A esters equivalent to 
0.(50 mg of vitamin A acetate per pound, as measured from a 
standard curve assuming 1.0 pg of vitamin A acetate to be 
equivalent to 3.83 I.U. of vitamin A. The folloAving vitamin A 
active rations vere fed: pen 1, ba.sal diet; pen 2, basal diet -f- 
3-carotene in cottonseed oil ; pen 3, basal diet + vitamin A 
esters from fish liver oil ; pen 4, basal diet + fresh alfalfa ; 
and pen 5, basal diet + dehydrated alfalfa meal. The experi- 
mental feeding period was terminated May 18, 1948 (72 days). 

The supplements containing the vitamin A-active substances 
were fed Monday, Wednesday, and Friday of each Aveek at 
11 a.m. The ealcvdated amount of vitamin A-active substance 
was weighed and mixed with a small amount of the basal ration 
and Avater to form a crumbly Avet mash. The mash was placed 
in troughs and consumed within an hour after feeding. The 
fresh alfalfa used was cut in September, 1947, packed in card- 
board containers, sealed, and quick frozen. When ready to be 
used the frozen alfalfa was ground in a food chopper, packed 
in tin cans, and again quick frozen. All supplements contain- 
ing vitamin A activity Avere analyzed at frequent intervals for 
vitamin A and carotene content. 

Blood samples Avere obtained by heart puncture from three 
birds in each pen on April 8. On April 26 one-half the birds 
fi’om each pen Avere sacrificed to determine liver stores and 
blood levels of vitamin A and carotene. The remaining birds 
were sacrificed May 18. The Avhole liver was removed from 
each bird at the time it Avas killed, wrapped in Avax paper and 
quick frozen. At the beginning of the experiment three birds 
from each pen Avere selected and the yolk of each e^'o- iai(j 
analyzed for vitamin A and carotene content. At the beginning 
of the experimental feeding period it was necessary to select 
several new birds to replace those Avhich had ceased produc- 
ing eggs. Trap nests were used for all birds and a record was 
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kept on egg* production and ration consumption during the 
experimental pei'iod of 105 days. 

The methods of analysis for vitamin A and carotene in 
blood and liver tissue were those described by Frey and J ensen 
(’46). The carotene content of egg yolk and alfalfa was de- 
termined by the “phasic” method given in an Association of 
Official Agricultural Chemists publication (’45). The vitamin 
A content of egg yolk was determined as in liver, using the 
petroleum ether fraction following separation of the carotene. 
Chromatographic methods for the separation of carotene in 
egg yolks have not proved satisfactoiy. For this reason it was 
thought advisable to use the “phasic” method for all carotene 
determinations other than liver and blood. Values for the cai'O- 
tene content of alfalfa, using chromatogTaphie methods of anal- 
ysis, compared favorably with the values found by the 
“phasic” method. 


UESULTS AN® BISCTJSSIOX 

The purpose of the preliminary feeding pei'iod of 33 days on 
the basal diet was to deplete the birds of their vitamin A and 
carotene reserves. The blood level at the beginning of the 
preliminary vitamin A depletion feeding period was 99.8 zt 
59.3 ng of vitamin A and 211 dr 183 Mg of carotene per 100 ml of 
serum. At the beginning of the experimental feeding period 
the blood level had dropped to 28.5 rh 9.7 Mg' of vitamin A and 
33.1 rt 19.9 Mg of carotene per 100 ml of serum. The latter 
values indicate fairly depleted reserves of the two blood con- 
stituents. 

Figures 1 and 2 show the blood level and liver values of vita- 
min A and carotene during the experimental feeding period of 
72 days. Complex vai*iance analysis studies wei’e made of vita- 
min A and carotene values for blood and liver samples ob- 
tained on April 26 and May 18. No sig’uificant difference be- 
tween these dates Avas found within pens. However, highly 
significant differences between pens were found between these 
dates. Following are the the minimum dift'erences required for 
significance (M. S. D.) between pens, for blood leA’'els and liver 




Fig. 1 Blood levels of vitamin A and carotene, 1. Basal ration. 2. Carotene sup- 
plement, 3. Vitamin A supplement. 4. Fresh alfalfa supplement. 5. Dehydrated 
alfalfa meal supplement. 



Fig. 2 Liver stores of vitamin A and carotene. 1. Basal ration, 2. Carotene sup- 
plement. 3. Vitamin A supplement. 4. Fresh alfalfa supplement. 5, Dehydrated 
alfalfa meal supplement. 
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I'eserves of vitamin A and carotene for April 26 and May IS : 
At the 0.01 level, 21.1 for blood vitamin A, 41.0 for blood caro- 
tene, 30.9 for liver vitamin A, and 31.5 for liver carotene ; at 
the 0.05 level, 15.9 for blood vitamin A, 30.8 for blood carotene, 
23.3 for liver vitamin A, and 23.7 for liver carotene. Table 1 
gives the levels of significance, obtained from ^‘t” values, for 
blood and liver reserves of vitamin A and carotene between 
pens, for May 18. 

TABLE 1 

Levels of significance, obtained from values, for blood and liver reserves 
of vitamin A and carotene, between pens, after 72 days on the experimental diet 
(AU birds were fed a preliminary vitamin A-depletion ration before being 
placed on the experimental diet) 


BLOOP LIVER 

1 

Vitamin A Carotene Vitamin A Carotene 


1^2 

0.001 

0.40 

0.10 

0.01 

1^3 

0.01 

0.90 

0.01 

0.05 


0.001 

0.01 

0.01 

0.001 

1-5 

0.001 

0.10 

0.05 

0,001 

2-3 

0.02 

O.SO 

0.01 

0.001 

2-4 

0.02 

0.05 

0.10 

0.001 

2-5 

0.02 

0.10 

0.50 

0.02 

3-4 

0.20 

0.05 

0.02 

0.001 

3-5 

0.10 

0.10 

0.01 

0.01 

4-5 

0.50 

0.50 

0.05 

0.30 


^ Pen 1 : Basal diet only. 

Pen 2; Basal diet + yS-carotene in cottonseed oil. 

Pen 3 : Basal diet ~f- vitamin A esters from dsli liver oil. 
Pen 4: Basal diet -f fresh alfalfa. 

Pen 5 : Basal diet 4- dehydrated alfalfa meal. 


The blood levels of carotene and vitamin A in the negative 
control pen, 1, did not decline significantly from March 4 to 
April 8, representing, respectively, 30 and 65 days on the basal 
ration. This indicates that minimum blood levels had been 
attained, which would not change until liver stores were fur- 
ther depleted. By April 26 (93 days) the liver reserves of 
vitamin A and carotene of the birds in pen 1 were practically 
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gouu aud blood levels were not signiHoaiit, since tbe % allies 
were within the limits of error of the analytical methods used. 

The birds in pen 3, receiving vitamin A, showed the same 
carotene values in tbe blood and liver as the birds m pen 1 
receiving the basal ration. However, they showed the highest 
blood and liver vitamin A values, the liver values indicating 
that storage had occurred even though the blood level was 
only about one-half the value at the beginning of the ex- 
periment. 

The birds in pen 2, receiving carotene, showed approxi- 
matelv the same blood carotene content as the contiol poup 
in pen 1, even though liver reserves were somewhat higher. 
The blood and liver vitamin A values in pen 2 were signifi- 
cantly higher than in pen 1 after 53 days of the experimenta 
feeding period, but were not significantly higher after 72 days. 
On the other hand, both fresh alfalfa and dehydrated alfalfa 
meal were more effective than 3-carotene in maintaining body 
reserves of carotene. The carotene content of the blood anc 
liver of the birds receiving alfalfa ^vas higher thanj:hat of any 
of the birds in the other three pens at both 53 and 72 days. At 
72 days the blood levels of vitamin A for the biids receiving 
alfalfa Avere higher than for the birds receiving carotene but 
loAver than for the birds receiving vitamin A. The livei re- 
serves of vitamin A of the birds receiving alfalfa closely ap- 
proximated the values for the birds receiving carotene. The 
liver resei^es of vitamin A for the bii’ds i eceiving fiesh alfalfa 
Avere significantly higher than those for the birds leceiAing 
dehydrated alfalfa meal, and significantly loAver than those foi 
the birds receiving vitamin A. I)^one of the carotene-containing 
supplements approached \"itamin A in effectiveness in restor- 
ing vitamin A reserves in the liver. It thus appears that (3- 
carotene in cottonseed oil or the vitamin A-active substances 
in fresh alfalfa or dehydrated alfalfa meal are less effectively 
utilized as vitamin A than is vitamin A obtained from fish liver 
oil. 

The tocopherols have been shoAvn to be effective in aiding 
the utilization of carotene in the animal body (Hickman et al., 
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’44; Harris et al., ’44; Johnson and Baumann, ’48). It is pos- 
sible that the slight superiority of alfalfa over carotene, Avith 
respect to utilization as vitamiu A, Avas due to the tocopherol 
content of the alfalfa. HoAvever, the tocopherol content of the 
basal ration Avas calculated to supply approximately tAvo and 
one-half times the requirement of the chicken. Further Av^ork 
is required to clarify this point. 

Each egg laid by the three birds in each pen yvas analyzed 
for vitamin A and carotene and the values averaged for Aveekly 



Fig. 3 YitamiB A and carotene content of egg yolk, 1. Basal ration. 2. Caro 
tene supplement. 3. Vitamin A supplement. 4. Fresh alfalfa supplement. 5. Be 
hydrated alfalfa meal supplement. 


periods, as is shown in fignre 3. The values are given for the 
last 70 days of the experimental feeding period. 

An analysis of variance shoAved highly significant differences 
betAveen pens for the vitamin A and carotene content of egg 
yolk. The minimum difference required for significance 
(M, S, D.) betAveen pens, for the vitamin A content of egg yolk, 
Avas 1.118 at the 0.01 level and 0.849 at the 0.05 level. For the 
carotene content of egg yolk the M. S. D. Avas 1.727 at the 0.01 
level and 1.312 at the 0.05 level. 

As is shoAvn in figures 3 and 4, the carotene content of the 
egg yolk had been reduced to a Ioav level at the end of the 33- 
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clay depletion feeding period. The vitamin A content remained 
at a relatively higher level. On the 10th clay of the experimen- 
tal feeding period the first visible carotenoid pigments ap- 
peared in the petroleum ether extract of the egg yolk from the 
birds receiving alfalfa supplements. This first color vas re- 
moved in the phasic separation of carotene, indicating the 
pigments to be carotenoids other than carotene. The carotene 
content of the egg yolk from the negative control pen, 1, gi-adu- 
aliy decreased during the 72-day experimental feeding period. 
The carotene content of the egg yolks from the birds receiving 
vitamin A Avas low, as would be expected. 

Analysis of variance shows that, for the vitamin A content 
of egg yolk at the 0.01 level, pens 1, 2, and 3 each differ signifi- 
cantly from all the other pens. Pen 4 differs significantly from 
pen 5 at the 0.05 level. It will be noticed, in figure 3, that the 
eggs from pen 3 show a gradual increase in vitamin A content, 
’'vhile the general trend in the eggs from the other 4 pens is a 
decrease in vitamin A content. The vitamin A content of the 
eggs from pen 3 did not differ significantly from that of eggs 
from pens 4 and 5 at the termination of the experiment. The 
carotene content of the egg yolks, at the 0.01 level, from pens 1 
nnd 3 each differs significantly from that of yolks from pens 
2, 4, and 5, and pen 2 differs significantly from all the other 
pens. 

The above differences in the vitamin A and carotene content 
yolk further indicate that p-carotene in cottonseed oil is 
utilized less efficiently than are the vitamin A-active substances 
found in alfalfa. Further study is necessary to determine more 
accurately the extent of utilization of carotene as found in 
fresh alfalfa and dehydrated alfalfa meal. It is of interest to 
note that vitamin A from fish liver oil caused a definite in- 
crease in the liver reserves of vitamin A as contrasted to that 
from fresh alfalfa and dehydrated alfalfa meal, yet the alfalfa 
supported the higher egg yolk content of vitamin A, Further- 
more, if all the carotene in the egg yolks from the birds re- 
ceiving alfalfa is converted to vitanun A, the vitamin A value 
of the eggs would he approximately twice that of the eggs of 
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birds receiving carotene in oil, and three times that of the eggs 
from birds receiving vitamin A. It thus appears that alfalfa 
is more effectively utilized by chickens as a source of vitamin 
A-active substances in eggs than is vitamin A from fish liver 
oil, whereas the latter permits greatest liver storage. 

Figure 4 shows the production record for the 105 days of 
the espei’iment. 

There is normally a steady rise in egg production dui'ing 
the period in which the experiment rvas conducted. It will be 
noticed that at about 9 weeks there was a definite bi'eak in egg 



Fig. 4 Per cent egg production during the experimental period of 105 days. 

production in the negative control pen, 1, and some indication 
of a break in pen 2. During the last week of the experiment 
egg production was 7% in pen 1, 38% in pen 2, 60% in pen 3, 
56% in pen 4, and 62% in pen 5. The difference in egg produc- 
tion between pen 1 and pens 3, 4, and 5 appears to be signifi- 
cant. The difference between pen 2 and pens 3, 4, and 5 is indi- 
cative of significance. The sudden break in production at 
about 9 weeks supports the conclusions of jMcCljunont and 
Hart ( ’48), who found that inadequate intake of vitamin A in 
white Leghorn pullets resulted in cessation of egg production 
at about 120 days, with death resulting at about 165 days. The 
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rate of egg production was alVoctcd only sliglitly before total 
cessation of production. 

The syndrome of avitaminosis A was first observed at about 
the time of the break in egg iiroduetion (9 weeks). The birds 
were droopy, refused food and water, and were in a badly 
einaeiatod condition. Multiple gray-colored retention cysts, 
each 1 to 2 mm in diameter, were found in the mucosa of the 
oesophagus and hard palate of most birds in pen 1. Enlarged 
ureters and kidneys filled with urates, a condition commonly 
associated with avitaminosis A in chickems, were not found as 
consistently as were the cysts in the oesophagus. The above 
conditions, together with sudden mortality, accounted for the 
termination of the experiment on !May 18, 1948. 

SUMMARY 

Liver reserves of vitamin A in laying pullets partially de- 
pleted of their vitamin A and carotene reserves continued to 
decline when carotene equivalent to 2,000 I.U. of vitamin A 
activity per pound of ration was supplied in the form of caro- 
tene in cottonseed oil, fresh alfalfa, and dehydrated alfalfa 
weal. The carotene in oil was utilized less efficiently than that 
in the alfalfas. The carotene in fi’esh alfalfa was utilized some- 
what more efficiently than that in dehydrated alfalfa meal. 
Vitamin A from fish liver oil, fed at the same level of vitamin 
A activity, enabled laying pullets to increase gradually their 
reserves of vitamin A in the liver. 

The amounts of vitamin A and carotene in the eggs laid 
were gTeatest from pullets receiving the alfalfa supplements, 
while the next highest were from pullets receiving carotene in 
oil. 

The total potential vitamin A activity in eggs from the pul- 
lets receiving the alfalfa supplements was about twice that of 
the eggs from birds receiving carotene in oil and three times 
that of birds receiving vitamin A from fish liver oil. Thus, 
vitamin A was superior in building liver reserves of the vita- 
win, while carotene from alfalfa, fresh or dehydrated, was 
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superior in transfer of vitamin A and carotene to tlie egg. 
AKalfa appears to carry a factor which enhances the utiliza- 
tion of carotene. 
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It has been reported by Houssay and Martinez (’47) that 
di<ataYy iaciors may mfinence the response oi rats to alloxan. 
Mortality within 7 days following the injection was used as 
the criterion of the sensitivity of the animals. No data on 
blood sugar were presented but it was stated that in all eases 
max’ked hyperglycemia preceded death. Using as a base line a 
diet high in carbohydrate and low in fat, containing 20^ 
protein, Ioav protein or high lard or ox-fat caused increased 
mortality. Methionine or thiouracil (but not choline) supple- 
menting the high lard diet overcame the deleterious effect of 
the fat. Animals receiving diets high in butter or olive oil 
responded in the same fashion as those on the low fat diet, 
while high oleomargarine, corn oil, or cocoanut oil had some 
beneficial effect. There is a similarity between the factors in- 
volved here and those which influence the development of mas- 
sive hepatic necrosis (Gyorgy, ’44; Himsworth, ’47). Of the 
group of substances which protect the liver against necrosis, 
only tocopherol (Schwartz, ’44a, b; Gyorg}’’, ’47) is not men- 
tioned. The present work was undertaken pi'imarily to detei’- 
mine whether tocopherol might also protect the pancreas 
against the necrotic action of alloxan. 

'Supported hy a graut from Swift and Company, Chicago. 
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A major finding of this study, the extensive intravasal 
hemolysis and consequent high mortality within one or two 
days following the administration of alloxan to tocopherol- 
deficient rats, has been reported (Gyorgy and Rose, ’48). 
Further investigations in connection with this problem have 
been briefly presented (Rose and Gyorgy, ’49) and will be 
discussed in more detail in a later communication. The present 
report is concerned with the effect of tocopherol, as well as of 
some of the other dietary factors investigated by Houssay and 
Martinez, on the development of diabetes and on survival 
following alloxan injection. 

EXPERIMENTAL 

The general plan of the experiment followed that of Houssay 
and Martinez. Young’ female rats, weighing 90 to 135 gm, were 
given the experimental rations for about one month. At the 
end of this time they were fasted overnight and injected with 
160 mg per kilogram of alloxan. Food intake was measured 
throughout the experimental period. 

In the first study the animals were obtained from a local 
dealer. In all succeeding experiments the rats Avere of the 
Sprague-Dawley strain. 

The experimental rations Avere of the type Avhich had preA’i- 
ously been used in producing hepatic injury, consisting insofar 
as possible of highly purified ingredients (table 1). The Adta- 
min B complex Avas not incorporated in the diets but the 
crystalline vitamins (thiamine chloride, 20|jg; riboflavm, 25 
Mg; pyridoxine, 20 pg; and calcium pantothenate, 100 Mg) AA'ere 
giAmn daily as a separate supplement. Houssay and Martinez 
had used Avheat and corn flours as the source of carbohydrate 
and yeast to supply vitamin B. 

The experiments may be divided into three series. In the 
first experiment the dietarj'- protein Avas loAv, as in studies of 
liAmr injury; in the second the protein level Avas raised to 20%, 
Avhile in the third the 20% protein diets AA’ere modified by the 
addition of 5% of yeast, the reg'ular vitamin B supplement not 
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beiii" di^coutimied. A -sinijlo i^roup of animals iji the second 
experiment was given a diet containing 40 of casein ; a simi- 
lar group in the third experiment received high protein and 
yeast (table 1). 

TAUI.K 1 
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‘ Vitamin test easein, General Biochemicals, Inc. 

" Supplemented 'with three drops of corn oil dail3\ 

* Supplemented with three drops of Mead percomorph oil weekly. 


Three fats were studied; lard, hydrogenated cottonseed oil " 
and cocoanut oil. The high fat diets contained, in addition to 
38% of the experimental fat, 2% of cod liver oil. The low fat 
ration contained no fat in the diet mixture, the animals being 
given supplements of three drops daily of corn oil to supply 
essential fatty acids and three drops weekly of percomorph 
oil for vitamins A and D. One group of animals on the high 
lard ration was given percomorph oil instead of cod liver oil 
to determine whether any benefit resulting from the low" fat 
diet might be due to this substitution rather than the low level 
of dietary fat. 

“‘‘Vream/^ Sw’ift and Company. 
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Methionine ® (50 mg per day) and choline (25 mg per day) 
Avere fed Avith the vitamin B supplement. Tocopherol, in the 
form of mixed natural toeopherols, Avas given either as a sepa- 
i*ate supplement of 3 mg per day dissolved in one drop of 
cottonseed oil or incorporated in the diet at a level of 50 mg 
per 100 gm to give approximately the same daily dose. 

Alloxan® (160 mg per kilogram) aa^s injected intraperito- 
neally, a freshly prepared solution containing 10 or 16 mg per 
milliliter being used. It Avas not possible to handle all of the 
animals of an experiment simultaneously, so one or tAvo rats 
from each group Avere injected on the same day. 

Blood sugar determinations ® Avere made 48 hours after al- 
loxan administration on all surviving rats, Avith a feAV excep- 
tions AAdiere the condition of the animals made it impossible to 
obtain a blood sample. The animals Avere not fasted. Blood 
non-protein nitrogen (NPN) Avas determined at the same time 
on all animals of experiment II and half of those of experiment 
III. Sugar AAns estimated by the method of Somogyi ( ’37, ’45) 
as modified by Nelson ( ’44), and NPN by an adaptation of the 
method of Folin and Denis (’16). Blood for both of these 
detei-minatioiis Avas obtained from the tail. 

The studies AA^ere first carried out Avith 10 rats in each group. 
All three experiments Avere then repeated so that most of the 
groups finally included 20 animals. In the second and third 
experiments there AAns no experimental difference betAveen the 
tAvo sections, so the values on the 20 animals of each group 
could be averaged together. In those groups AAdiich received 
the IcAA" protein diets (experiment I) there Avas a difference in 
the source of the vats in the tAvo parts of the experiment. The 
Amry marked difference in the results of the tAA'o series required 
their separate consideration. 

* Kindly furnished by Wyetli, Inc,, Philadelphia. 

* Kindly furnished by Distillation Products, Inc., Rochester, N. Y. 

* Eastman Kodak Company. 

®The blood sugar determination ^verc made in the Cox Institute through the 
courtesy of Dr. P. D. W, Lukens. 
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In our experiments the proportion of the rats djnng within 
7 days after injection with alloxan was not an entirely satis- 
factory criterion for estimation of the influence of the dietary 
factors studied. It made no distinction between the groups in 
which the majority of the animals died during’ the first day or 
two after the injection and those in which the deaths were 
spread over 5 or 6 days. Since this difference proved to be of 
significance, mortality within two days after the administration 
of alloxan as well as during the first week has been tabulated. 

RESULTS 

Tocopherol was found to be the most important factor in- 
volved in preventing early mortality. The effect of tocopherol 
was the same whether it was fed as a separate supplement or 
was mixed with the lard or cocoanut oil of the diet. The same 
favorable response was observed in animals which received 
diets containing an hydrogenated cottonseed oil of which to- 
copherol is a natural constituent. An explanation of the high 
early mortality of the tocopherol-deficient animals was found 
in the hemolysis which has been described previously (Gyorgy 
and Rose, ’48). Hemolysis was never observed in any animals 
treated with tocopherol. This all-or-none response could not 
be duplicated in the death rate, since the toxicity of alloxan was 
not due solely to hemolysis. In most of the individual groups 
the moi’tality of the animals treated with tocopherol was defi- 
nitely lower than that of those deficient in tocopherol, and 
when larger units were considered the differences were un- 
questionable. So, in the series receiving the diets containing 
40% of fat and 20% of casein, mortality during the first two 
days after injection in all of the tocopherol-deficient groups 
combined was 51%, in the tocopherol-treated groups, 16%. In 
only one experiment (la) was the mortality in the groups which 
had not received tocopherol low during this initial two-day 
period. These animals were the only ones of the whole series 
which were not obtained from Sprague-Dawley, and they may 
have received enough tocopherol during the pre-experimental 



UtK’r AN'D TOXU’ITY OF ALLOXAK 


535 


period to pvotoot thoiu agiiiiist doplotion duiiiig the inontli ou 
the toeopherol-delicient diet. 

The protective elTect of tocopherol seemed to be limited to 
the period immediately folloAviiig administration of alloxan 
At the end of a ^voek the tocopherol-treated groups had almost 
overtaken the deficient ones in the number of deaths. In the 
series referred to above, namely the gioups lecehinj, 
high in fat and with normal content of casein, mortalitj^ of the 
tocopherol-deficient animals ■svithin 7 days Mas 87%, o tie 
tocopherol-treated ones, 79%. 

Yeast shoived an effect on survival similar to but less pro- 
iiounced than that of tocophoi-ol. When 5% of yeast was added 
to the high fat i-atious, mortality was reduced froni olfo to 
25% during the first tv^o days, but after 7 days 79% of the 
animals were dead. Tocopherol with yeast lowered the death 
rate during the early period to 8%, but even with this combma- 
tioii 74% of the animals died within one veek. 

Variation of the protein content of the diet had little effect 
ou survival. Sprague-Dawley rats receiving only 8% of casein 
were somewhat more susceptible to the effects of a deficiency 
of tocopherol immediately after injection witt alloxan than 
those on the diet containing 20% of casein. When the 7-day 
period was considered, however, there was as high mortality 
ivith 20% and even vuth 40% of casein as with 8% in the groups 
which had received diets vuth a high content of fat. With loiv- 
fat diets there was a slight, but statistically insigniffcant, 
difference in favor of a normal over a low level of protein. 

Methionine and choline, substances which have a specific 
protective effect on the liver, were quite without influence on 
the toxicity of alloxan. Mortality during the tvm-day and the 
7-day period was as high as with the unsupplemented diet. 
:Methionine in conjunction with tocopherol gave no advantage 
over tocopherol alone. 

Few rats receiving high fat diets survived more than 7 days. 
Mortality was low during the first two days when the hydro- 
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g-enated cottonseed oil was used, because it contained tocopb- 
erol. There was a slight advantage shown by eocoanut oil 
over lard or cottonseed oil at the end of 7 days in those groups 
Avhich had received yeast, but not in those without yeast. 

When fat was eliminated from the diet the toxicity of alloxan 
was much reduced. Only with this type of diet did an appreci- 
able proportion of the rats survive more than 7 days after the 
injection. The average survival for this peidod of all the ani- 
mals on the low fat diets was 61%, while the average of all the 
high fat groups was 19%. 

Most of the animals injected with alloxan became diabetic 
regardless of the nature of the diet which they had received. 
The average level of blood sugar 48 hours after alloxan was 
given was high in all groups, ranging from 280 to 700 mg per 
100 ml. In view of the wide range of the individual values, no 
statistical significance can be assigned to the group averages. 
Arbitrarily designating a blood sugar level exceeding 200 mg 
per 100 ml as an indication of the presence of diabetes, a 
slightly lower incidence of the disease was observed in animals 
receiviiig diets low in fat or containing eocoanut oil. With high 
lard or high cottonseed oil content, 94% of the animals sur- 
viving more than 48 hours had diabetes ; with low fat diets, 
86% ; and with high eocoanut oil diets, 81%. These differences, 
though small, are significant (P < 0.001). 

The general picture in almost all animals which survived 
more than 7 days was a gradual improvement in the diabetes. 
Blood sugar values were lower after several weeks, and fasting 
sugar values almost normal. Most of the animls showed per- 
sistent moderate to severe glycosuria. Polyuria and glycosuria 
were especially prominent in the rats receiving the low fat 
(high carbohydrate) diet. 

Blood non-protein nitrogen, measured 48 hours after injec- 
tion of the animals, was elevated in almost all cases (Gyb'rgy 
and Rose, ’49), the highest values being found in the tocoph- 
erol-deficient groups. The kidneys of most of the animals 
were examined histologically and the same type of damage 
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Mortalitj'- within 7 days was the criterion used by Houssay 
and Martinez (’47) in determining the severity of the effect 
of alloxan. We were unable to duplicate their finding that 
methionine would reduce mortality after alloxan administra- 
tion in rats receiving a diet high in lard. Even with 50 mg per 
day of methionine most of the animals died within 7 days. We 
did observe much better survival vdth low fat than with high 
fat diets. Houssay and Martinez found replacement of lard 
with cocoanut oil even more effective than its replacement with 
carbohydrate, mortality being reduced from 100% to 0%. In 
our experiments, in only two of the 6 pairs of groups differing 
only as to whether they were fed lard or cocoanut oil as the 
dietary fat was there a significant reduction in the number of 
deaths. Considering the 6 pairs collectively the difference is 
of definite mathematical significance, though of less importance 
practically since mortality during the first week was still 69% 
as compared with 93% for the animals receiving lard and 35% 
for those on the low fat diet. 

Although recent interest in alloxan has been concentrated on 
its ability to produce diabetes, many other toxic effects have 
been reported. Its action as a capillary iDoison and spasmodic 
was studied by Labes and Preisburger ( ’30) and the severe 
kidney damage following its injection has been described many 
times (compare Lukens, ’48). In the present paper we have 
discussed the hemolyzing effect of alloxan in tocopherol-defi- 
cient rats. In our experiments diabetes did not seem to be 
primarily responsible for the death of the animals. Mortality 
and diabetes were decreased to about the same extent when 
cocoanut oil was fed, but the effect was too small to allow any 
conclusions to be drawn from it. Only rats receiving diets low 
in fat had an appreciably prolonged survival, and in most of 
these diabetes, as measured by blood and ui'ine sugars, was 
severe. Nor, in these animals, was nitrogen retention less than 
in other groups. The response of some other tissues to the 
action of alloxan must be modified by the feeding of fat or 
carbohydrate. 
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An Gxplanatiou has been olTorcd for tlio protective effect of 
tocoplierol (Gyorgy and Eoso, ’4.0). In it.s absence, either 
blocking of the kidney.s with hemoglobin or anemia may be in 
part responsible for the death of the animal, or may weaken its 
resistance to the other toxic effects of alloxan. It has been 
found that, as far as hemolysis is concerned, tocopherol acts 
specifically in the red blood cell, presumably through its anti- 
oxidant activity (Rose and Gydrgx', ’49). The mode of action 
of yeast is not so definite. Animals receivmg yeast were better 
nourished than those without it, but the greater effectiveness 
of yeast with respect to survival in the absence of tocopherol 
than when fed as a supplement to it, and the failure of protec- 
tion after 7 days, suggest that its action may be similar to 
that of tocopherol. Hemolysis was not prevented completely by 
yeast as it was by tocopherol, but it was reduced in incidence 
and severity. Yeast contains anti-oxidants (Gyorgy and Toma- 
relli, ’43) and these may be effective in reducing the toxicity 
of alloxan. 

The hvo experiments with the low protein diet, in which rats 
obtained from diffei'eut soui’ces were used, show how much 
care must be used in the interpretation and general application 
of the results of experiments of this type, particularly in 
studies of such .short dm-ation. In the first study there was 
almost no mortality in the tocopherol-deficient groups during 
the first two days after alloxan administration ; in the second, 
very high mortality figures were recorded. The probable ex- 
planation of this discrepancy is a difference in tocopherol in- 
take during the pre-experimental period. The data indicate 
that with the first rats used the reserve of tocopherol was 
sufficient that the animals were not depleted by one month on 
the tocopherol-deficient diet, and consequently neither the vei*y 
severe symptoms of the latter group nor any benefit of to- 
copherol were obseiwed. 


SUMMABY 

The influence of dietaiw factors on the sensitivity of rats to 
alloxan has been investigated. The diet was varied with re- 
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spect to its content of pi'otein and fat, and supplements of 
metliionine, choline, tocopherol, and yeast Avere given. 

The toxicity of alloxan, as measured by the number of rats 
which survived for 7 days after its izijection, Avas decreased 
appreciably only Avhen diets very Ioav in fat AA'ere fed. There 
A\ms a slight advantage shoAvn by cocoanut oil over lard or 
hydrogenated cottonseed oil in the high fat diets. The hemoly- 
sis AAhieh occurred Avheji alloxan was administered to tocoph- 
erol-deficient rats caused a high death rate during the first 
two days after the injection. Tocopherol and, in an apparently 
someAshat similar* fashion, yeast, reduced the early mortality 
but had no effect after this initial period. 

Diabetes developed in most of the animals regardless of the 
nature of the diet. Considering those animals as diabetic 
A\hose blood sugar, 48 hours after injection AAuth alloxan, Avas 
above 200 mg per 100 ml, the incidence of diabetes Avas slightly, 
but significantly, loAver Avith diets Ioav in fat or containing 
cocoanut oil than Avith those containing lard or hydrogenated 
cottonseed oil. There Avas no evidence of any benefit from any 
other of the variations in diet studied. Even tocopherol, in 
spite of its very specific effect in preventing hemolysis folloAV- 
ing the injection of alloxan, gave no protection against the 
diabetogenic effect of alloxan. 
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Investigations of the vitamin A requirement of growing- 
turkeys have px'odueed diverse results. Scott and Hughes 
(’32), using a diet containing white corn, ground wheat, wheat 
bran and meat and bone scraps with yellow corn as the source 
of vitamin A, reported that 50 or 60% of the ration should 
consist of yellow corn to provide the minimum requirement 
of vitamin A for growing turkeys. This amounts to approxi- 
mately 350 to 420 I.H. of vitamin A per 100 gm of feed. Hin- 
shaw and Lloyd ( ’34) reported 1,736 I.U. of vitamin A per 
100 gm of feed as the minimum requirement. Their diet con- 
tained white corn, barley, wheat, fish scrap, dried milk, hone 
meal, ground limestone and salt, with alfalfa leaf meal as 
the source of vitamin A. From a nutritional standpoint this 
diet is an improvement over the one used by Scott, yet forti- 
fied with alfalfa leaf meal at the level reported as optimum 
it produced birds averaging only 1,200 gm approximately at 
12 weeks of age. Wilgus (’40), using a more complete diet 

‘ Supported in part by a grant from tbe Yautic Grain and Products Companv 
Norwich, Connecticut. ^ 

“Present address: Dawe’s itauufacturing Company, Chicago, lUiaois. 

'Present address: Poultry Department, University of Illinois, Urbana 

'Biometrician, Storrs Agricultural Experiment Station, Uaiversitr of Conneeti 
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including soybean oil meal, casein, dried brewers’ yeast, 
manganese sulfate and irradiated sterol, with crystalline 
carotene as the source of vitamin A, reported 600 I.U. of 
vitamin A per 100 gm of feed as meeting the requirements 
' of growing turkej^s. Weights at 8 weeks of age at this level 
averaged 1,033 gm. Scott, Matterson and Jungherr (’45- ’46) 
obtained average weights of 1,376 gm at 8 weeks of age on a 
vitamin A deficient diet fortified with 1,000 I.U. of vitamin A 
per 100 gm of feed, and concluded that this level of vitaniin A 
was optimum. The National Research Council (’44) recom- 
mended an allowance of 551 I.U. per 100 gm of feed. 

A serious fault with previously conducted investigations 
to determine the vitamin A requirement of growing turkeys 
has been the poor growth obtained on the diets used, A 
casual examination of most of these diets clearlj’’ reveals that 
many were deficient in the B complex vitamins. It appears 
that factors other than vitamin A limited the growth in most, 
if not all, of these experiments. 

EXPERIMENTAL 

The diet used in the experiments reported herein (table 1) 
was an improved modification of the 1946 Connecticut vitamin 
A ‘‘free” turkey diet. The experimental diet was supple- 
mented with all the known crystalline B vitamins at or above 
the level recommended by the National Research Council 
( ’44, ’46). Where requirements have not been determined, the 
vitamins were added at a level indicated as sufficient by pre- 
vious experiments conducted at the Storrs Agricultural Ex- 
periment Station (unpublished data). This diet, properly 
fortified with vitamin A, produced poults averaging over 
2,000 gm at 8 weeks of age. 

A basal diet containing all the ingredients except white 
corn was mixed in amounts deemed sufficient to last for the 
duration of each experiment, although in one ease it was 
necessaiy to mix an additional amount. 
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A prcniix ol' NvhUo table corn meal and eod liver oil •' assayed 
at 2,225 I.U. of vitamin A poi' ^vam was substituted foi a 

table corn meal in the basal ration to 9,^ 

diets containing 0, 150, HOO, (iOO, 1,200 2,400, 4,800 and 7 2(W 
LU. of vitamin A per 100 gm of feed tor lots 1 tbrou.h 8 
respectively. Tbo premix and individual lot diets weie mixec 

at intervals of 10 days and stored at 10 .. , i -o „nri 

In tlie first two experiments 161 iinsexed day-old Bioad 
Breasted Bronze poults from the college flock were usee . 
These poults were divided into weight groups covering a 

TABT 4 B 1 

Comj)o.si(ioii of Ihe riJamiii A “free” ration 


IKOUKDIKST 


amount 


INnHEOIENT 


AMOUNT 


White table corn meal 

Acid precipitated casein 

Soybean oi\ meal 

Butyl fermentation solubles ’ 

Wheat germ oil 

Salt 

Ground limestone 
Bone meal 

Activated animal sterol 
200 D/gm 
AlnSO* 


w. 

53.4 

Titambi supplement/ 

20.0 

Choline chloride 

15.0 

Kicotinic acid 

4.0 

2 Alethyl-napUthoquinone 

2.0 

Riboflavin 

0.5 

Ca pantothenate 

1.0 

Thiamine 

4.0 

Inositol 

Pava'aminobenzoic acid 

0.1 

0.025 

Pyridoxine 


lO-l.OO gm 
2.27 gm 
45.00 mg 
227.00 mg 
035.60 mg 
00.80 mg 

227.00 mg 

605.00 mg 

227.00 mg 


‘Cuvbay B G “80.” 

rano'e of 5 gm. Equal numbers of poults from each weight 
group were selected at random to make up the necessary 
lots The poults were wing banded and weighed and individual 
Aveio-hts Avere taken weekly for the duration of the experiment 

The 188 poults used in experiment 3 were male day-old 
Broad Brested Bronze poults obtained from a commercial 
batchery. They Avere divided into lots by tbe method described 
above and tbe experiment Avas replicated three times. Birds 
in replicate 3 were used for laboratory tests. 

All poults Avere kept in a standard Petersime electric battery 
brooder and at 4 Aveeks of age Avere moved to neAV locations 

'Kintlly supplied by Pr. John Covrell of tbe Upjoliu Company, Kalamazoo, 
Alichigan, 
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in standard developing batteries. Replicated experiments 
were arbitrarily assigned a battery for each replicate and 
tbe location of eaeb lot was chosen at random. 

Two birds from each lot, experiment 3, replicate 3, Avere 
sacrificed biAveekly, beginning at the second week, for vitamin 
A and carotene determinations on blood and liver. 

The method of Kimble ( ’39) Avas essentially folloAved in 
extracting vitamin A and carotene from the blood samples. 
The saponification of liver samples and the extraction of 
vitamin A folloAved the method of Davies ( ’33). The activated 
1-3 glycerol dichlorohydrin method of Sobol and Werbin ( ’45) 
was used for the determination of vitamin A. 

Blood samples were secured by bleeding from the heart 
and determinations Avere made the same day the samples 
Avere draAvn. The liver samples were refrigerated under 
potassium hydroxide until the analysis could be made. Beak 
and brain sections Avere taken for histological study.® 

Experiment 1 was started May 3 and contained 7 lots, 
replicated tAAUce. This experiment was closed Avhen the birds 
AA'^ere 6 Aveeks of age. Experiment 2, a duplicate of experiment 
1, was started May 17. The poults in experiment 3, started 
June 24, were divided into three replicates. A negative control 
(lot 1) Avas established in replicate 3 only and an additional 
level of Autamin A (lot 8) included. Experiments 2 and 3 were 
carried until the poults were 8 weeks of age. 

At the close of each experiment the sex of each bird AA’-as 
established. An incision was made in the dorsal region between 
the 6th and 7th rib, exposing the abdominal caAuty, and the 
sex was determined on the basis of the presence or absence 
of a testicle. 

All birds were alloAved ad libitum feeding and feed con- 
sumption records Avere kept. 

The growth data analysis was based on a modification of 
the Wishart (’39) method. The basic principal in this method 
involves analysis based on constants used in fitting the Aveight 

“ Histological interpretations were made bj" Dr. E. Jungherr of tbe Animal 
Disease Laboratory, Storrs Agricultural Experiment Station. 
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obsevvutions ot' each animal to a curve. Tliis method allows 
the use of the original data, and dilTerences in the response 
over the entire experimental period can be measured.’’ 

The logarithms of the weights were used in this analysis 
since, according to Wishart, growth differences can be eluci- 
dated by examination of one or two constants of the curves 
fitted to the logarithm of the weights. 

Two terms, a linear and a quadratic, were used to fit the 
logarithm of the weights of the male poults to a cui've. 
Graphical examination of these coefficients revealed that the 
linear coefficient, representing the slope of the curve, was 
related to dosage of vitamin A; and that the quadratic co- 
efficient, descriptive of the departure from linearity, was not 
related to treatment. Subsequent analyses were then made on 
the linear coefficient. 

The mean, adjusted coefficients were fitted to a curve by 
the method of covariance with two concomitant measures, 
and plotted against log-dose. This method allows the nmnber 
of individuals in each lot to influence the derived or calculated 
point on the curve it will occupy, and enables the calculation 
of the point of greatest response to treatment if the range 
of treatment is sufficient to reach a point of plateau of dimin- 
ished response. 

BESirnTS 

Groivtli 

FigTire 1 shows the adjusted mean linear coefficients plotted 
against the log-dose as the abscissa. The response to increased 
levels of vitamin A up to 6 weeks of age (expt. 1) can he 
compared with the response up to 8 weeks of age in experi- 
ments 2 and 3. The calculated point of greatest response is 
at levels of 1,760, 1,512, and 1,776 I.U. of vitamin A per 100 
gm of feed for experiments 1, 2 and 3, respectively. 

The negative controls in all experiments died by the end of 
the 4th week. All were found to have gross evidence of 

’Details of the statistical treatment of lots will be published in expanded form ia 
a forthcoming Experiment Station bulletin. 
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A-avitammosis. "Wliile ataxia was a fairly constant observa- 
tion, many birds died suddenly without evidencing any gross 
pathological sjunptoms. 



LOG.- DOSE 

Fig. 1 Average linear coefficients for experiments 1, 2 and 3 plotted against 
concentration of \itamin A in the diet together with calculated jioint of greatest 
1 espouse. 

Blood levels of vitamm A 

A rapid rise in the concentration of vitamin A in the blood 
nith increases of vitamin A in the diet to the 1,200 I.U. per 
100 gm of feed level is shown by the 6-week data, which is 
plotted graphically in fig-ure 2. Beyond this point blood 
vitamin A concentration more or less reaches a plateau. 

Liver storage of vitamin A 

In all lots receiving less than 1,200 I. U. of vitamin A per 
100 gm of feed, liver stores of vitamin A decreased between 
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the secoiul aiul -till week. At this i)oint lots 2 and 3 reacli a 
plateau and lot 4 shows a slight increase in storage (fig. 3). 
Liver storage at two weeks of age was significantly higher in 
the birds of lots 5, 6, 7 and S. Lot 5 (1,200 I. LL) maintained 
its liver stores over the experimental period, and lots 6, 7 
and 8 substantially increased their liver stores with ago. 



Fig. 2 Concentration of vitamin A in blood plasma and Uv^r for poults at 6 
weeks of age on bic reusing levels of vitamin A in the feed. 


Hist 0 pathology 

No nasal lesions were observed in any bird receiving 150 
I.U. of vitamin A per 100 gm of feed or amounts above this, 
nor were lesions found in any birds at two weeks of age. Of 
the 9 poults started in the negative control group, only one 
survived to 4 weeks of age and in this bird only were the 
characteristic lesions of A-avitaminosis found. 

Lesion in the brain stem and optic chiasma which, accord- 
ing to Adamstone (’47), are specific for vitamin A deficienev 
in chickens, occurred in tui'keys 6 and 8 weeks of age on ail 
levels of vitamin A. No lesions were found in any bird under 
6 weeks of age receiving a vitamin A supplement! 
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WEEKS 

Fig. 3 LB ei storage of vitamin A in poults on increasing levels of vitamin A in 
the diet plotted against time. 


DISCUSSION AND CONCLUSIONS 

There is evidence to indicate that males have a higher vita- 
min A requirement than females (Scalongne, ’40; Brenner, 
Banks and Eoberts, ’42; Popper and Brenner, ’42). On this 
premise it was reasoned that data secured from the male poults 
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would represent the most valid basis for determining the 
vitamin A requirement of the turkey iioult. Therefore only 
the male birds in the throe experiments reported herein were 
used as a source of growth data. 

The use of growth as a criterion for the measurement of 
die vitamin requirement of an animal does not preclude nor 
invalidate the use of such criteria as longevity, lactation, 
egg production, et cetera. It does, however, assume that 
maximum growth is optimum growth; thus the minimum re- 
quirement for any nutrient for growth may be defined as the 
lowest level of that nutrient which allows the maximum growth 
hiherently possible. This definition descifibes equallj’- well the 
maximum requirement because, according to it, additional 
increments of the nutrient fail to induce additional response 
iu growth. 

The usual statistical treatment of growth data of this type 
is to make an analysis of variance in weight at a given age 
and of final weight or net gain in weight of the experimental 
lots, and to make T tests between lots. The level at which T 
values cease to be significant is concluded to represent the 
minimum requirement. This is not a valid statistical method 
because it involves segmentation of the data, and the differ- 
ences, which with finite numbers are insignificant, become 
significant when infinite numbers of experimental animals are 
used. In the present paper, maximum and minimum require- 
ments for growth are considered synonymous and the level 
of vitamin A reported as inducing the greatest growth re- 
sponse may be considered the minimum or maximum amount 
required by growing turkeys. 

With this in mind it is possible to calculate the point of 
greatest response to vitamin A, which, as is shown in figure 
1, is at the level of 1,760, 1,512, and 1,776 I.U. of vitamin A 
per 100 gm of feed for the three experiments, respectively. 
The average of these is 1,683 I.U. of vitamin A per 100 
of feed. 

Prom these data it is concluded that 1,700 I.U. of vitamin 
A per 100 gm of feed represents the optimum level of this 
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vitamin foi' growing turkeys. This corresponds well with the 
results of Hinshaw and Lloyd (’34), who reported 1,736 I.U. 
of vitamin A per 100 gm of feed as meeting the minimum 
requirement of growing turke 3 ^s, and is far above the recom- 
mendations of other investigators. 

No conclusive results were obtained from the histological 
examination of the beaks. 

As is shoAvn in figure 2, the concentration of vitamin A in 
the blood plasma of birds 6 weeks of age increased as the 
level of vitamin A in the diet was increased. This increase 
was quite rapid between lots 2 and 4, reaching more or less 
a plateau in lot 5, which received 1,200 I.U. of vitamin A per 
100 gm of feed. A comparison of liver storage among birds 
in the 8 experimental lots is shown in figure 2. Liver storage 
of vitamin A increased rapidly between lots 2 and 5, and, at a 
diminishing rate thereafter. 

Figure 3 shows the average concentration of vitamin A per 
gram of liver, by lots, for birds two, 4, 6 and 8 weeks of age. 
Lots receiving less than 1,200 I.U. of the vitamin per 100 gm 
of feed showed a depletion of liver stores between the second 
and 4th week, with liver concentration of vitamin A remaining’ 
at a fairly constant level thereafter. Lot 5, except for a slight 
drop at 4 weeks, maintained its liver vitamin A at about the 
two-Aveek level. Increased storage of vitamin A with increased 
age Avas foimd only in lots 6, 7 and 8, the amount of storage 
increasing as dosage was increased. 

These data are vexy much in accord Avith the results of the 
analysis of the groAvth data. Plasma vitamin A concentration 
reaches a plateau Avhen 1,200 I.U. of the vitamin per 100 gm of 
diet are fed, the amount given lot 5, and liver stores of vitamin 
A are maintained in a steady state at this level. Lots receiving 
less than 1,200 I.U. of Autamin A iDer 100 gm of feed responded 
to increases of vitamin A in the diet AAuth lai’ge increases in 
the blood plasma level of the vitamin. These lots AA^ei’e also 
unable to maintain their stores of vitamin A in the livei’. Ad- 
ditional increases of Autamin A in the diet, above 1,200 I.U., 
x’esulted in iixsignificant ixicreases in the plasma leA'el of Auta- 
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min A but enabled the birds to store the vitamin in the liver 
at a rate proportional to the increased dose. 

This suggests a huiiimum physiological requirement of tur- 
key poults, as applied to liver storage and plasma levels, of 

1,200 I.U. of vitamin A per 100 gm of feed, with an indicated 
optimum between 1,200 and 2,400 I.U., which optimum coiie- 
lates well with the 1,700 LU. of the vitamin which the growth 
data reveal as the level inducing the greatest response. 

srMMAitY 

1. Three experiments were conducted in which 228 male 
Broad Breasted Bronze turkeys were used to determine the 
vitamin A requirement of growing turkeys, the expeiiments 
being so designed as to allow the application of three ciiteiia . 
growth, histopathology, and vitamin A concentration in the 
blood and liver. 

2. A basal vitamin A deficient diet was used which, when 
adequately supplemented with vitamin A, was capable of pro- 
ducing birds averaging 2,000 gm in weight at 8 weeks of age. 
This diet was supplemented rvith levels of 0, 150, 300, 600, 1,..00, 
2,400, 4,800 and 7,200 I.XJ. of vitamin A per 100 gm of feed. 

3 From the analvsis of groAvth curves, the point of greatest 
response was calculated to be 1,683 I.U. of vitamin A per 100 
gm of feed. 

4. Histological examination of the brain revealed no con- 
clusive results. 

5. The plasma level of vitamin A in lots receiving less than 

1,200 I.U. of the vitamin per 100 gm of feed was greatly in- 
fluenced by the dosage of vitamin A in the diet. Lots receiving 
more tban 1,200 I.U. of vitamin A per 100 gm of feed showed 
little effect of the dosage on plasma levels. 

6. Lots receiving less than. 1,200 I.U. of vitamin A per 100 
oin of feed were unable to maintain their liver stores of the 
vitamin with increased age, while lots receiving more than 

1,200 I.U. pev 100 gm of feed increased their liver stores as 
age advanced. 
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7. It is concluded on the basis of the growth data and the 
plasma levels and liver storage of vitamin A that the vitamin 
A requirement of growing’ turkeys is 1,700 I.U. of the vitamin 
per 100 gm of feed. 
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Reports by Sclnvimmer and associates (’47, ’48) indicate 
ibat for men consuming diets low in calories (approximately 
1,800 Gal. daily) and drinking small quantities of water (800 
ml daily), dried egg white provides an excellent source of 
available nitrogen. Because of tins, it was decided to incor- 
porate dried egg white as a major source of protein into certain 
experimental food items for trial by the Armed Forces. How- 
ever, it was questionable whether the moderate degree of heat 
that could be applied in preparation of these items would be 
sufficient either in degree or duration to destroy the anti- 
trypsin which is present in commercial egg white powder. This 
possibility seemed to be a real one in view of Harte’s observa- 
tions (’45). He found by in vitro investigations that commer- 
cially dried egg white contained as much anti-tryptic principle 
as undried egg white, and that the digestibility of these 
products was inferior to that of coagulated egg white as de- 
termined by in vitro measurment. 

In the present communication we report observations made 
to determine the importance of egg white anti-trypsin in human 

‘ The opinions expressed in this paper are those of the authors, and do not neces- 
sarily represent the official views of any governmental agency. 
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nutrition. Nitrogen balance was measured in men wlio con- 
sumed the following proteins as supplemental sources of die- 
tary nitrogen : (a) lactalbumin ; (b) unheated commercial dried 
egg white; (c) heated commercial dined egg white; and (d) 
heated commercial dried egg white plus its natively equivalent 
amount of chemically isolated anti-trypsin (ovomucoid). The 
last named substance was studied in an attempt to determine 
specificallj^ the relationship between the naturally occurring 
anti-trypsin and the chemically isolated form. 

METHODS 

General 

Two healthy, young, volunteer, male subjects were studied 
for approximately 6 weeks in a metabolic ward in a research 
hospital. The subjects were alloived freedom of activity in the 
ward. One subject worked in a hospital laboratory during the 
day but was not physically very active. The other was allowed 
to leave the hospital three times a week to visit friends but 
exercise was kept at a minimum. Temperature, pulse, respira- 
tion, body weight, and basal blood pressure were recorded 
each day, as was the general state of health. Special care was 
taken to note any symptoms or reactions that might be related 
to consumption of the diets. All urine and stools (with carmine 
markers) were collected and stored under refrigeration. The 
24-hour urine output was recorded, three-day composite speci- 
mens were prepared with toluene (2 ml per 100 ml) as the pre- 
servative, and aliquots were taken for analysis of total 
nitrogen. The stools were mixed in a Waring Blender with 
distilled water and aliquots taken for total nitrogen deter- 
mination. 

Diet and flnid intake 

Each subject subsisted on a fixed basal diet and a constant 
fluid intake (2,500 ml/day). The basal diet consisted of 4 well 
varied menus of natural foods ; each menu was rotated in the 
same sequence during each of the 5 experimental periods de- 
scribed below. An example of one of the menus folloAvs: 
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Breakfast: oraniic juice; upploriauce; pulYecl rice anti cream; 
bread, butter and einuanioii sugar; beverage. Dinner: apple 
juice; Spanish rice; broccoli, frozen; fresh vegetable salad 
with dressing; olives; crackers, butter and jelly; orange ice; 
and beverage. Supper: pinapple juice; vegetable salad; corn, 
canned; beets, canned; green beans, canned; tomato, fresh; 
lettuce and pdckle, with dressing; crackers, butter and jelly; 
Jello and banana ; and beverage. All food items were carefully 
weighed and ijrepared bv' the dietitian. There was no plate 
waste. 

The basal diet was supplemented with 250 pg of biotin and 
one multiple vitamin capsule daily. Each capsule provided: 
thiamine, 2.0 mg; riboflavin, 2.0 mg; niacinamide, 10.0 mg; 
pyridoxine, 0.2 mg; calcium pantothenate, 3.0 mg; choline, 20.0 
rag; inositol, 10.0 mg; folic acid, 10 pg. The basal diet was cal- 
culated to contain the following as an average ; Calories, 2,447 ; 
protein, 26.9 gm ; fat 88.6 gin ; carbohydrate, 385.6 gm ; iron, 
11.5 mg; vitamin A, 13,076 I.U. ; thiamine, 3.0 mg; riboflavin, 
3.7 mg; niacin, 19.0 mg; vitamin C, 265 mg. Duplicate meals 
from each of the 4 menus "were analyzed for nitrogen content; 
this was done in each period described belowi The test pro- 
teins ivere added to drinks and cooked dishes in such propor- 
tions as to be almost undetectable. The amounts used wei'e as 
follows : 

Period I (9 daijs): Unbeated lactalbumin, 30 gm (66.25% 
protein). 

Period 11 (9 days) : Unheated commercial egg white power, ' 

25.8 gm (77.5% protein). 

Period HI (9 days) : Heated commercial egg white powder, 

25.8 gra (77.5% protein). 

Period IV {9 days): Heated commercial egg white powder 

25.8 gm (77.5% protein) pins ovomucoid Igm. ’ 

Period V (6 days): Unheated lactalbumin 30 gm (66.25% 

protein). 

The total protein intake was therefore approximatelv 50 mn 
per day. It will be noted that the periods when anti-trypsin 
was present were alternated with periods when it was absent. 
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This arrangement tended to eliminate any “metabolic lag” 
that might arise due to the former period. 

Some results of studies on the in vitro digestibility of the 
test proteins are show in table 1. 

It is apparent that the in vitro anti-tryptic activity of the 
dried egg white was high, and that wet autoclaving was neces- 
sary to cause improvement in digestibility to that of lactal- 
bumin. This method was therefore used in preparing the 
heated egg white for periods III and IV, The ovomucoid used 
in pei’iod IV was prepared according to the method described 
by Lineweaver and Murray (’47). That this substance also 
had high in vitro anti-tr]rptic activity is shown by data pre- 
sented in table 2. 

TABLE 1 


Studies 071 the in vitro digestion ^ of egg white and lactalbumm hy trypsvi 


DAY or 
DIQESTIOK 

UNHEATZD 
COMMEaCIAIi 
EGG ^VHITE 
POWDER 
% Digestion 

COMMERCIAIi 
EGG WHITE 
PO\VDEB, 
AUTOCLAVED 
DRY 

% Digestion 

COMHEBCIALi 
EGG WHITE 
POWDER, 
AUTOCLAVED 
WTIT 

% Digestion 

POWDERED 

LAOTAIiBUillH, 

UNHEATED 

% Digestion 

1 

2.8 

3.7 

30.0 

42.8 

4: 

5.0 

6.2 

26.6 

29.0 

5 

5.0 

7.8 

24.1 

25.6 

6 

6.1 

7.1 

23.8 

25.1 

7 

6.2 

6,0 

22.7 

22.9 


. increase I n titratable amino N X 100 ^ ^ a a /iiax 

^ Per cent diffestion = — — . See Preed et al. 

V 10.15 days X gm X 0.01 X % protein 


Clinical a/nd biochemical aspects 

Clinical and biochemical laboratory observations were made 
at regular intervals as follows: (a) Blood serum with respect 
to total protein (Ma and Zuazaga, ’42), albumin (Howe, ’21a, 
b), non-protein niti’ogen (Daly, ’33), cholesterol esters (Speriy 
and Brand, ’43) ; (b ) blood, for hematocrit, hemoglobin, red 
and white cell counts (Todd and Sanford, ’43) ; and (c) urine 
with respect to albumin, which was determined qualitatively 
on random samples. 

The determinations of total nitrogen in the food specimens, 
three-day feces, and three-day urine collections were per- 
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formed by the nucro-Kielduhl method of >Ia and Zuazaga 

UKRULTS A>’n CON'CLUSIOXS 

There n'ero no si<-,niificant changes in body yeight, hemo- 
gloldrsovnm proteins, blood count, cholesterol, non-protem 
nitrogen, or systolic or diastolic blood pressuie.^ 

On the basis of the results presented m table m ceitau 
elusions may be drawn concerning nitrogen absoiption and 

nitrogen balance : 

table 2 

„ 7 n„ii Irim%in (ovomucoid) upon in vitro diffestion of 

Etfect of oliemicalli/ prepared antt-tr.ppsin (oio ' . 

autociaved commercial ego uihite ponder 


DAV 01- 

DIGESTIOX 


1 

2 
4 
7 


EGG \VU1TE 


HEATED 

egg white plus 


Nitration units 

2.55 (19.8%)" 

4.02 

4.55 (17.5%)' 

5.15 (15.0%)' 


-~0.40 
— 0.06 
— 0.13 
0.55 


calculated 

‘Values ia parentheses refer to per cent a>t,c 

by the Schultz rule, as iu table 1. 

lal As measured by three-day fecal nitrogen, unheated 
-Pi (.rrcf white powder was absorbed to a somewhat 
eommeicial cooked form plus 

ZZZil, however, its absorption was not markedly less 

than tbrt “““ nitrogen balance ocom-red with nn- 

n PO'O- white powder than when the heated 

ovomncoid was added to heated egg 
form nitrogen balance from the nnheated egg 

white; negative than that obtained 

white P°^^.^.ggppjj(jing amount of lactalbumin was used, 
wnen ovomucoid ivas isolated from other proteins of 

rrnfl theu fcd ui proportionate amounts with heated 
a wliite, tliere \vere only negligible (if any) adverse 
effects upon absorption of the egg white and upon nitrogen 
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TABLE 3 


l^itrogen balance (average by ihree-day sub'periods) for two subjects during 
feeding with supplements of lactalbu^min, unheated egg whiter 
heated egg white, and heated egg white plus ovomucoid 





PEBIOn ^ 




I 

II 

III 

IV 

V 

A. Supplement 

Type of protein 

Lactal- 

Egg 

Egg 

Egg 

Lactal- 


buniin 

white 

white 

white 

bumiii 

% of total N intake 

un- 

lieated 

un- 

heated 

heated 

heated 

(a) 
ovo- 
mucoid 

(b) 

un- 

lieated 

accounted for hy N 
of supplement 

41.2 

40.S 

41.2 

38.0 (a) 41.2 

7.7 (b) 

B. Diet 

1. Basal diet, gm N 

13.62 

13.80 

13.56 

13.62 

13.62 

2. Test proteins, gm K 

9.54 

9.51 

9.51 

9.51 

9.54 

3. Ovomucoid, gm N 

0 

0 

0 

1.92 

0 

4. Total diet, gm ’N 

C. Excretion 

23.16 

23.31 

23.07 

25,05 

23.16 

1. Eeces, gm N 

(a) Subject 1 

6.30 

7.39 

0.92 

5.97 

7.40 

(b) Subject 2 

4.S3 

5.31 

3.27 

4.73 

4.23 

2. Urine, gm N 

(a) Subject 1 

23.3 

19.3 

18.3 

19.5 

22.8 

(b) Subject 2 

B. Absorption 

21.2 

20.1 

19.2 

20.5 

18.8 

1. Absorption, gm N 

(a) Subject 1 

16.36 

15.92 

17.15 

19.08 

16.84 

(b) Subject 2 

18.33 

18.0 

19.8 

20.32 

18.93 

2. Absorption, % of intake 

(a) Subject 1 

72.S 

68.3 

74.3 

76.2 

73.1 

(b) Subject 2 

E. Retention 

1. Nitrogen retained, gm N 

79.1 

77.2 

85.8 

81.1 

81.7 

(a) Subject 1 

— 6,44 

— 3.3S 

— 1.15 

— 0.42 

— • 7.04 

(b) Subject 2 

— 2.87 

— 2.10 

4- 0.60 

+ 0.18 

+ 0.13 


* Each period lasted 9 da3’s except period V, which lasted 6 days. 
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retention, as uieasurod by nitrogen excretion in feces and 
urine. 

(d) Therefore, it follows that there can be no direct appli- 
cation to human feeding programs of results obtained from 
ill vitro studies of the digestibility of unheated commercial egg 
white powder. It is concluded that egg white anti-trypsin 
exerts very little deleterious effect upon nitrogen balance in 
man under the conditions herein described. 

(e) As compared with lactaibumin, heated dried commercial 
egg white powder was a protein of high biologic value when 
used as a supplement to the basal diet. 

DISCUSSION 

Vernon ( ’04) first reported that fresh egg white contained 
an anti-tryptic substance. Thereafter, Falta ( ’06), Hamalainen 
and Helme ( ’07), Cathcart and Green ( ’13), Mendel and Lewis 
(’13), Bateman (’16) and others desci'ibed many of the effects 
found upon feeding raw egg white to animals. The anti-tryptic 
activity of egg white has been attributed variously to: (a) the 
resistance of the egg white proteins to digestion, and prefer- 
ential absorption of egg white on the enzyme; (b) the egg white 
globulins; and (c) a hydrolysis product of egg white proteins. 
Concerning the chemical nature of egg white anti-trypsin little 
w^as known until Balls and Swensen ( ’34) reported that it con- 
tains nitrogen and has an optical rotation similar to that of 
ovomucoid. Meyer and co-workers ( ’36) indicated that a highlv 
active anti-tiypsin preparation of Swensen ’s had the proper- 
ties and composition of an egg mucoid. It remained for Line- 
weaver and Murray ( ’47) to show that the anti-tryptic activity 
of egg white appeared quantitatively in its mucoid fraction 
that ovomucoid could not be fractionated into components of 
high and low anti-tryptic activity, that electrophoresis failed 
to reveal the presence of another protein in ovomucoid, that 
less than one molecule of ovomucoid was necessary to produce 
50% inhibition of one molecule of tiyqjsin, and that heat-de- 
natured ovomucoid had little or no anti-tryptic activity It 



562 


H. H. SCUDAMOKE AND OTHEES 


was thus concluded that egg white anti-trypsin was identical 
with ovomucoid. 

Ovomucoid is a relatively stable protein. "While anti-tryptic 
activity is destroyed by heat, this denaturation takes place at 
a rate much slowei* than that for most proteins. Lineweaver 
and Murray ( ’47) point out that in an aqueous solution, at pH 
between 3.0 and 7.0, heating’ at 80°O. for 30 minutes produces 
no essential destruction of anti-tryptic activity, hut at pH 9.0 
at the same temperature all the activity is lost. Boiling an egg 
for three minutes results in a loss of 35% of the activity, while 
75% is lost in an egg boiled for 10 minutes. In the dry form, 
inactivation takes place more slowly, but heating for 18 hours 
at 60°, 110°, and 140°C. causes activity losses of 40, 94, and 
100%, respectively. 

It is Avell knoAvn that the application of heat to many pro- • 
teins changes “digestibility.” In most instances this is due to 
a partial digestive effect of the heat per se. However, whei-e 
an anti-tryptic factor is present, such as occurs in egg white 
or in soybeans and other legumes, this too is destroyed by 
heat. The proportionate effects of heating per se and the re- 
moval of anti-trypsin are not known. Consequently, human 
feeding studies of raw versus heated egg white of the type 
reported by Eose and McLeod (’22), or of raw varsus auto- 
claved soybean as reported by Lewis and Taylor (’47), while 
providing valuable data on the over-all effect of heat on these 
raw foods, do not clearly delineate the significance of their 
respective anti-tryptic substances. It was for this reason that 
the design of the present experiment included one period when 
a proporionate amount of chemically isolated ovomucoid was 
added. It was necessary, of course, to determine that no 
change had taken place in the anti-tryptic character of the 
ovomucoid, and this was done by in vitro testing as is shown 
in table 2. 

From the results of the feeding tests it appears that although 
unheated commercial egg white may have considerable anti- 
tryptic activity in vitro, yet it does not seem to have any mark- 
edly deleterious effect upon nitrogen retention by adults. 
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These fiucliiigs »iro biiuilur to those reported by Lewis and 
Taylor (’47), \vho fed raw and autoclaved soybean as the sole 
source of dietary protein. For these reasons it is apparent 
that the results of in vitro te.sting of the digestibilit> of foods 
containing anti-tryptic substances cannot be applied to human 
feeding programs without additional testing in man. In the 
case of unheated commercial egg white powder we have an 
example of a protein which on the basis of in vitro testing 
would be expected to have a low biologic utilization value, yet 
aetuallv it was found to be somewdiat superior in this respect 
to orre of the widely accepted starrdard proteins (lactalbumin) 
wlreir tested by rritrogerr balarrce measurerrrents. 

SUMMARY 

1. A study w'as corrducted of the effects of ingested anti- 
tryptic factor upon nitrogen balance in man. 

2. Two subjects living in a well-standardized hospital en- 
vironment consumed daily a standard diet containing 2,500 
Cal. and approximately 50 gm of protein. About 40% of the 
protein intake was comprised of a test protein during each of 
5 periods, as follows: Period 1, lacalbumin (9 days) ; perrod 2, 
unheated commercial egg white powder (9 days) ; period 3, 
heated commercial egg white powder; period 4, as in period 3, 
plus a small quantity of chemically isolated ovomucoid, the 
egg white anti-trjqrtic factor (9 days) ; period 5, lactalbumin 

(6 days). 

3 There were only minor differences in the amounts of 
nitrogen ahsorhed during these periods. Nitrogen retention 
was least favorable in the lactalbumin periods, and it appeared 
that chemically prepared ovomucoid had no unfavorable effect 
upon nitrogen utilization. TJnheated commercial egg white, 
while less well utilized than the heated form, was nevertheless 
better than lactalbumin in this respect. It was concluded that 
egg white anti-trAT?sin exerts very little deleterious effect upon 
niU’ogen balance in man under the conditions of the present 

experiment. 
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Full and Tl'iWIi/e Service, U.S. Department of the Interior, Lauret, IfarjdamJ 

(Received for publication August 19, 1949) 

The percentage of dietary calcium necessary for optimum 
reproduction in gallinaceous birds depends on tbe number of 
eggs laid, tbe quantity of feed consumed, and tbe phosphorus 
content of tbe diet (Branion, ’38; Titus, ’39; Ewing, ’41). Egg- 
shell formation, compared witb bone calcification, is an ex- 
tremely rapid process. In the case of poultry, it is known that 
the calcium carbonate is secreted by the glands in the wall of 
the oviduct, a process requiilng only 12 to 16 hours (Gruick- 
shank, ’35). In the absence of a sufficient supply of calcium, 
egg production is lowered, with the eggshells becoming pro- 
gressively thinner. The serum calcium of the hen falls and 
there is a depletion of the calcium and phosphorus contents of 
the bones. Nevertheless, according to Branion, the percentage 
composition of the shell remains constant, showing that, as in 
bone formation, if the mineral is deposited, it is laid down in 
the normal proportion. Deobald et al. (’36) concluded that 
about 10% of the calcium stored in the bones may be called 
upon for egg production. 

Branion points out that not as much research has been done 
^vith breeding birds as with chicks. Norris and associates ( ’33 
’34) concluded that 1.65% of calcium is sufficient to meet the 
requirements of laying hens as judged by the egg production 
shell strength, and ash, and by the levels^f calcium and phos- 
phorus in the blood. "When the calcium level of the diet was 
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1.8%, a level of 0.5% phosphorus was insufficient but 0.75% 
was adequate. Miller and Bearse ( ’34) were convinced that 
egg production is definitely affected by the quantity of phos- 
phorus in the diet. They obtained their highest production 
with 0.80%, and found that 2.25% of calcium was adequate. 
According to Titus et al. (’37), pullets and hens differ in cal- 
cium requirements, and a high level of calcium, such as 5.4%, 
adversely affects hatchability. In disagreement with Miller 
and Bearse, these workers concluded that the level of phos- 
phorus intake had no effect on egg production. 

There is no report in the literature of work conducted on 
the calcium and phosphorus requirements of breeding game- 
bii'ds. Inasmuch as the bobwhite quail (Colinus virginianus) 
is one of the most popular gallinaceous upland gamebirds in 
the Eastern United States, an investigation was started with 
this species at the Patuxent Research Refuge, Laurel, Mary- 
land, to determine its requirements for optimum reproduction. 
In these studies the effects of varying dietary levels of the 
two minerals, and of variations in the ratios between the two, 
have been determined. 


EXPEEiatENTAL 

During the breeding seasons of 1946, 1947 and 1948, paired 
adult quail housed in individual breeding compartments were 
divided into groups of from 12 to 16 pairs each. Each group 
received a diet designed to meet the known requirements of 
breeding quail for protein, fat, fiber, total energy, and the 
various fat- and water-soluble vitamins. The diets differed in 
the percentages of phosphorus present, and in the Oa/P ratios. 
In the first series of tests (1946), each of the 6 diets studied 
contained 0.75% phosphorus, while the Ca/P ratios were 1:1, 
1.69 : 1, 2.31 : 1, 3.1 : 1, 3.79 : 1, and 4.48 : 1. The same 6 Ca/P ratios 
were used in the second series (1947), but the phosphorus level 
of all diets in this series was 1.00%. In the third series (1948), 
the Ca/P ratio in each of the three diets was 2.33:1, with 
phosphorus levels of 0.75, 1.0, and 1.25%, respectively. The 
composition of the diets is presented in table 1. 
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Eeeords were kept of the body weights of the birds, food 
eonsumptioB, egg production, fertility and hatchahility. Eggs 
were collected three times per week and stored in a cooling 
shed before being incubated. No eggs were kept over two 
weeks before being incubated. 

During the periods June 9 to 14 and July 13 to 19, 1946, all 
eggs were saved for chemical analysis to determine the effects 
of dietary variations on the calcium and phosphorus contents 
of the shells, shell membranes, and yolks and whites. 

The results of these studies are shown in tables 2 and 3. 
Inasmuch as there may have been some slight differences in 
the genetic backgrounds of the birds, or in the management 
technics employed in different years, it appears inadvisable to 
make direct comparisons between results obtained in different 
seasons. 

Mortality 

The highest mortality rate (4.2%) occurred on the diets 
having the highest calcium content. However, there did not 
appear to be any dietary effect and the mortality rate did not 
appear abnormal. 

Live iveiglits 

The body weights of the birds were apparently unaffected 
by the Ca/P ratios, or by the levels of calcium and phosphorus 
in the diets. The observed changes in weight were normal for 
breeders. 

Feed consumption 

The consumption of food increased directly with the increase 
of calcium in the diet. Exceptions to this statement may be 
noted in the cases of diets 48-2 and 48-3. 

Egg production 

In each of the first tAvo experiments the highest egg produc- 
tion Avas obtained on diets Avith a Ca/P ratio of 2.33 :1. When 
the phosphorus content of the diet Avas 0.75%, the differences 
in production betAveen the 2.33:1 ratio and the ratios of 1:1, 
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1.69:1, 3.79:1, and 4.48:1 are all significant statistically (odds 
of 99 to 1 in the case of the 1:1 ratio). However, the differ- 
ences resulting- when the phosphorus content of the diet was 
1.00% were not significant. When the 1946 results are com- 
pared with those obtained in 1947, it appears that egg produc- 
tion on diets containing 1.00% phosphorus was significantly 
higher than that on diets containing 0.75%. However, no sig- 
nificant differences resulted when the two levels were tested 
simultaneously in 1948. 


TAgLE 3 

Calcium and phosphorus content of eggs produced hy quail fed diets of 6 different 
Ca/P ratios at a phosphorus level of 0.78% 


COilPONElJT 

COLLECTION 

DATE 



CA/p RATIO 



1: 1 

1.69: 1 

2.3; 1 

3:1 

3.7: 1 

4.3:1 

Shells and shell membranes 







Calcium (%)► 

June 9-14 

30.1 

30.3 

31.0 

31.1 

31.9 

31.7 


July 13-19 

18.0 

26.4 

23.6 

30.0 

30.3 

33.8 

Phosphorus (%) 

June 9-14 

0.20 

0.21 

0.20 

0.20 

0.20 

0.18 


July 13-19 

0.60 

0.44 

0.42 

0.23 

0.13 

0.14 

Yolks and w^hites 








Calcium (%) 

June 9-14 

0.22 

0.23 

0.21 

0.31 

0.30 

0.30 


July 13-19 

0.34 

0.25 

0.28 

0.23 

0.33 

0.24 

Phosphorus {%) 

June 9-14 

0.31 

0.30 

0.27 

0.31 

0.29 

0.29 


July 13-19 

0.73 

0.77 

0.69 

0.51 

0.79 

0.83 


Eggshell condition 

In each of the first two years the percentage of defective 
shells (cracked, checked, rough or abnormal) was g-reatest on 
diets containing a Ca/P ratio of 1 :1. The differences were less 
marked when the diets contained 1.00% of phosphorus. 

Egg fertility 

Fertility was unaffected hy the Ca/P ratio, or by the levels 
of calcium and phosphorus in the diets. 
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E(jg hai chahilit y 

The highest hatchability occurred on the ratio^s^of 2.3:1 and 
3:1, when the idiosphorus level of the diet was 0./5%. On diets 
containing 1.00% phosphorus the highest hatchability occurred 
on the Ca/P ratio of 1:1. However, there were no sigTiificant 
differences in any of the experiments. 


Calciion and phosphorus content of eggs 

The results of chemical analyses on eggs collected duiing 
the weeks of June 9 to 14 and July 13 to 19, 1946, are piesented 
in table 3. The average calcium content of the yolk and white 
of all eggs, regardless of the diet, was 0.27%, or 0.02 gxn pei 
egg, and that of the shell and shell membrane Avas 29.17%, oi 
0.94 gm, making the calcium content of an entii e egg weighing 
approximatelv 9.0 gm, 10.7%, or about 1.00 gm. 

Neither the Ca/P ratio of the diet nor the period of the 
season during which the eggs were laid had any significant 
effect on the calcium content of the yolks and whites. Duiing 
the early part of the laying season the Ca/P ratio of the diet 
had only a slight effect on the percentage of calcium in the shell 
and shell membrane, but a significant effect was noted later 
in the season. The calcium content of the shells from birds on 
the 1:1 ratio dropped 40.0%, and that of the shells from birds 
on the 4.33:1 ratio inci’eased 6.0%. 

The average phosphorus content of the yolk and white of all 
the e^o*s Avas'^0.50% and that of the shell and shell membranes, 
0.26%^ or 0.008 gm, making the total phosphorus content of 
the egg approximately 0.05 gm. 

Durino- the week of June 9 the phosphorus content of the 
eggs was unaffected by the variations in the calcium content of 
the diet. However, during the Aveek of July 13 the phosphorus 
content of the yolks and whites was double that of the previous 
period, but apparently Avas unaffected by the level of dietary 
calcium. There Avas a reverse correlation between the phos- 
phorus content of shells and shell membranes collected during 
the later period and the level of dietary calcium. AVhen the 
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Ca/P ratio in the diet was either 1:1, 1.67 :1, or 2.3 the phos- 
phorus content of the shells and shell membranes was signifi- 
cantly higher in July than in June, whereas when the ratio was 
greater than 3 : 1 the reverse situation was noted. 

DISCUSSION 

As a result of their studies with chickens, Titus and associ- 
ates ( ’37) developed an equation for estimating’ the percentage 
of calcium required in the diet for any given rate of egg’ pro- 
duction. This equation, modified for bobwhite quail, is ex- 
pz’essed as follows ; 

^ _ 1 202 rPF — 5.0 E) + 100 E 

~ ^ 

in which Ca = the required percentage of calcium in the diet ; 
1.292 = the ratio of calcium to phosphate in di-calcium phos- 
phate, the form in which phosphorus appears in the diet ; P == 
the percentage of phosphorus in the diet ; P = the number of 
grams of feed consumed by a laying quail during the year 
(approximately 5475 gm) ; 5.0 = 100 times the quantity of 
phosphorus (0.05 gm) in the avei’age egg; E = the number of 
eggs produced in one year (for quail in captivity, an avei’age 
of 60 eggs) ; and 100 = 100 times the quantity of calcium (1.00 
gm) in an average egg. 

With the phosphorus level at 0.75%, the optimum level of 
calcium in the diet should be 2.0% according to this equation. 
The actual levels of calcium tested which were nearest this 
quantity were 1.8 and 2.3%. The highest egg production oc- 
curred on the 1.8% level (Ca/P ratio of 2.33:1), but the differ- 
ence between it and production on the 2.3% level was not 
statistically significant. Similarly, the highest hatchability of 
eggs occurred on these two levels. 

With the phosphorus level at 1.00%, the optimum level of 
calcitun in the diet should be 2.32% according to the equation. 
In the second expei’iment the highest egg production occurred 
on the calcium level of 2.33%. Therefore, in the first two ex- 
periments at least, the actual results tend to agree with the 
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calculated value for the optimum level of dietary calcimn 
when tlie phosphorus is maintained at either 0.75 or 1.00%. 

Branion ( ’38 ; see also Ewing;, ’41) was skeptical of the worth 
of the equation on the ground tliat it does not make full allow- 
ance for variations in the rate of production or size of egg. 
Inasmuch as any such formula is based upon the flock average, 
its use for incorporating a fixed quantity of mineral into a diet 
will cause high-producing hens to be underfed and low pro- 
ducers, overfed. While Branion ’s objection probably is valid 
for chickens whose range in production and egg size may be 
great, it should not be vei'y important in the case of quail. 
The latter lay eggs that vary little in weight and seldom num- 
ber move than 100 per breeding season for birds in captivity. 

Prom these data it would appear that the calcium and phos- 
phorus requirements of breeding quail may be supplied by 
diets containing 0.75% phosphorus and 1.8% calcium (Ca/P 
ratio of 2.33:1). No significant change in the condition of the 
breeders, egg production, fertility, hatchability, or survival of 
offspring during the first 5 days after hatching resulted when 
the phosphorus level in the diet was increased. The ratio of 
calcium to phosphorus appears quite important in diets con- 
taining 0.75% phosphorus, but the effects of changes in the 
Ca/P ratio are less marked when the experimental diets con- 
tain 1.00% phosphorus. 

However, observations made in the course of other studies 
during the winter of 1948-49 indicate that the criteria used in 
the evaluation of results may have been inadequate. All chicks 
hatched during the 1948 season were reared on a normal diet, 
and Avere divided into groups of 20 birds each on November 1. 
Distribution into groups was on the basis of the summer diets 
of the parents of the experimental bii-ds, in that the parents of 
approximately one-third of the birds in each group had been 
fed diet 48-1 (0.75% phosphorus) ; the parents of an equal 
number had received diet 48-2; while the parents of the I’e- 
maining birds had received diet 48-3. The diets fed during the 
winter supplied adequate amounts of protein, fat, carbohydi’ate 
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and minerals, but varied in tbeir contents of vitamin A, vitamin 
K, and tbe various members of tbe vitamin B complex. The 
only known differences among tbe experimental birds were 
the dietary backgrounds of the parents. It was found that 
23.6% of tbe cbicks from parents fed diet 48-1 (0.75% phos- 
phorus, 1.76% calcium) died during tbe 20-\ve6k experimental 
period, and that the moi'tality rates from diets 48-2 and 48-3 
were 13.3% and 8.5%, respectiveljn Oil autopsy, blood clots 
were found in the viscera or brain of 27% of the birds from 
parents fed diet 48~1, in 17 % of the birds from diet 48-2, and in 
15% of the birds from diet 48-3. 

Presumably, these differences in the winter mortality rates 
of the young birds may have resulted from the differences in 
the diets fed the parents during' the breeding' season. If this 
is the case, it may be concluded that while a diet containing 
0.75% phosphorus and 1.8% calcium is adequate to permit re- 
production at a normal rate, it is inadequate to insure sui'inval 
of the offspring dnring the winter months. As judged by the 
criteria of the survival and weight maintenance of the parent 
birds, by egg production, fertility, hatchability and survival of 
the offspring, it appears that breeding hobwhite quail require 
diets furnishing approximately 1,00% phosphorus and 2.3% 
calcium. 

si;M:nAEy 

In the course of studies designed to determine the calcium 
and phosphorus requirements of breeding bobwhite quail, it 
was found that best results were obtained when the Ca/P ratio 
in the diet Avas approximately 2.3:1. Variations in the Ca/P 
ratio produced significant differences in results when the level 
of phosphorus in the diet Avas 0.75%, hut the differences Avere 
less marked AAdien the ieA'el of phosphorus Avas increased to 
1 . 00 %. 

Although diets containing 0.75% phosphoi’us and 1.8% cal- 
cium appeared adequate for reproduction, as judged by the 
criteria of the maintenance of satisfactory condition in the 
breeders, egg production, fertility, hatchability and surAUval 
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of olYsprinij cluriiiir the first 5 days after hateliiiig, it was found 
that the winter mortality of the offspring of birds fed sucb a 
diet was nmeh greater than that occurring in the offspring of 
birds fed on diets containing 1.00 or 1.25% pho.sphorus. It is 
concluded that breeding bobwhite quail require diets furnish- 
ing approximately 1.00% phosphorus and 2.3% calcium. 
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In connection ■with another investigation it was noted that 
I'ats on a purified diet containing synthetic pteroylglutamic 
acid (PGA) and 5 gm of suceinylsulfathiazole (sulfasuxidine) 
per 100 gm of diet did not grow - so well as rats on the same 
diet but with the sulfasuxidine and PGA omitted. This differ- 
ence in growth (weight gain) was not large, hut it was con- 
sistent. These few observations led to a more detailed study 
of the factors concerned with this difference. The results of 
this study are given below. 

EXPERi:nENTAL 

Albino rats, raised in the laboratory, were used as experi- 
niental animals. For the most part, the animals were started 
on the experimental diets at about 25 days of age, and the 
duration of the experiments was 6 weeks. Only those litters 
which had as many animals of one sex as there were groups 
in an experiment were used. Each group was composed of 
one animal from each of 6 or 7 litters and all animals of any 

' Most of the data presented here were collected during 1946 and the first three 
months of 1947, but the completion of the experimental work and preparation of 
the manuscript were unavoidably delayed until recently. 

^ Measured as individual weights only. 
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one litter were of tlie same sex.® The animals were kept in 
individual cages and weighed daily. The diets were prepared 
in small amounts and stored in closed containers in the cold 
room until used or discarded. In the first two of the three 
experiments reported here, total white cell and differential 
counts and hemoglobin determinations were made during the 
first three weeks of the experiments and again during the 
second three weeks. These determinations were usually made 
toward the end of each of the two periods. Only the counts 
taken during the second three weeks are reported here. 


Experiment 1 

There were 6 groups of animals in the first experiment. 
The diets used are given in table 1. The casein of these diets 
was extracted in the laboratory by cold percolation with about 
6 changes of the extracting fluid per week. The casein was 
first extracted with 95% ethyl alcohol, then 80% alcohol, and 
finally 50%. In each case the extraction was continued until 
the effluent was nearly colorless. 

The liver preparation ^ was the 70% alcohol soluble fraction 
of the material obtained from hog liver by hot water extrac- 


* When this system of distribution is used, any two animals of the same litter 
can be considered a pair, and any two groups within a given experiment can be com- 
pared statistically by determining the standard error of the differences in weight 
gains between the two members of all pairs that make up the two groups. 

Thus, 

Vt ^-i)N ^ Standard error, and 


Mean of the differences _ , , -(yjjgjg ^ jg t],g deviation of each difference from the 

Standard error ^ 

mean of the differences and N is the total number of pairs. 

This method of distribution of the animals, when growth is the criterion, and also 
this procedure for the calculation of the degree of significance, are not only highly 
sensitive but they decrease the error when males and females are used in the same 
experiment. 

The difference between two means was considered significant if the probability 
that the results were due to chance was 0.05 or less. 

* The authors 'wish to thank Parke, Da'ris and Co,, Detroit, for the crude liver 
extract; Merck and Co., Inc., Eahway, N. J., for most of the B -vitamins; Lederle 
Laboratories, Inc., Pearl Biver, New York, for the pteroylglutamic acid; and Sharp 
and Dohme, Inc., Glenolden, Pa., for the succinylsulfathiazole and antiperiiieious 
anemia liver concentrate. 
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tioii Which rol)l•e^entod 50 gm of fresh liver per gram ot 

' The lirst "-roup of animals of experiment 1 v^s 
basal or i,o. 1 diet, i.e., tbe PO A. 

acre all omittod. All other «™ups sSta^ 

or more supplementb, ihe seto c o i a,. • i: 

T 1 M ‘i j. •iiifl 5 were given suliasuxiciine anu 

dine, while groups' o, -ti ° 



table 1 






Diets used iu 

cxpcritnent 

1 


- 



— 

- 


OKOUP XO. 



ISGBEDinNTS ' 

1 

o 

3 

4 

5 

6 

Casein (alcohol ext.)* 

(yc) 

IS 

4 

18 

4 

18 

4 

18 

4 

18 

4 

Salt mixture* (9c) 

4 

o 

o 

o 

2 

2 

Cottonseed oil (%) 

o 

2 

2 

2 

2 

2 

Cellulose* (%) 






2 

Liver extract* (%) 


74 

74 

74 

74 

72 

Sucrose {%) 

i ■* 


30 

GO 

120 


PGA" (mg 7c) 
Sulfasuxidine * 


+ 

+ 

+ 

+ 

■m rr • T1 

-P 

liinmine 


•In addition, each contained^Ue 

chloride, 0.5; riboflavin ^.^^^^tboqninone, 0.025; choline chloride, 200. 

3.0; nicohmc aeid, 3.0, - met . , l animal twice 

* See text- 

* Jones and Foster ( ^42). 

* Cellu flour. 

5 g« r« «« g- »' “■ 

ot PGA (table 1), and group 6 a'as given 
vaijmg u,e liver extract. It was thought ad- 

'vS^to We the" PGA at more than one level in the event 
that tL laT-e amount of snlfasnxidine wonld cause a partial 
nactivatio.ror incomplete absorption ot tins vitamm. 

The biotin used in the first experiment was made up as a 
concentrated solution in alcohol at the begmnmg of the experi- 
concen poi-tion was diluted with water at approxi- 

mSeiy weekly intervals. To determine if tbe results in respect 
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to growth were due to a decrease in activity of the biotin stock 
solution, it was analyzed for the vitamin at the end of the 
experiment. There was no detectable loss. 

Results. Weight gains and white cell counts are given as 
averages in table 2. Most of the animals of group 2 (sulfasuxi- 

TABLB 2 


Initial weights, weight gains and white cell counts of experimental aiiimals 


GROUP AND 
DIET NO. 

AVERAGE 

INITIAIi WEIGHT 

AVERAGE 

WEIGHT GAIN 

AVERAGE 

WHITE CELL COUNT 


gm 

gm 



Experiment 1, 6 males. 

1 female in each group 



49.1 

150.1 

18,200 

o 

oO.fi = 

56.9 

8,800 

3 

51.4 

125.6 

18,900 

4 

50.8 

115.9 

19,200 .. 

5 

50.8 

119.9 

18,300. 

6 

50.2 

153.1 

16,700 


Experiment 2, 2 males, 

5 females in each group 


rjZ 

44.3 

136.7 

16,000 

8 

44.4" 

46.6 

7,100 

9 

44.4 

107.7 

17,400 

10 

44.4 

138.0 

18,000 


Experiment 3, 6 males in each group 


11^ 

51.5 

156.7 


12 

51.2" 

48.2 


13 

51.5 

128.2 


14 

50,5 

120.3 


15 

50.8 

160.2 



' See table 1 for diets used in first experiment. 

*As most of the animals in this group lost weight toward the end of the experi* 
ment, the maximum weight attained was used for calculating the weight gain. 

* The diets used in experiment 2 w’ere the same as diets 1, 2, 4 and 6 of experiment 
1 with the foil Giving changes : The amounts of thiamine chloride, riboflavin, 
pyridoxine, calcium pantothenate, i-inositol, nicotinic acid, and 2’methyM, 4-naph- 
thoquinone were doubled and biotin was given in the diet at a level of 20 fig per 
100 gm. 

* Diets 11, 12, 13 and 15 differed from diets 7, 8, 9 and 10, respectively, only in 
that Labeo casein instead of alcohol extracted casein was used and one drop weekly 
of vitamin D-enriched percomorph oil was substituted for the cod liver oil. Group 
15 was given, by subcutaneous Injection, 0.02 ml of Sharp and Dohme antipernicious 
anemia liver preparation instead of the crude liver extract, and the sucrose was 
increased to 74%. Diet 14 was the same as diet 13 except that the PGA was given 
intraperitoneally (10/xgper day). 
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(.line supploincMit), and of the eorresponding groups of experi- 
ments 2 and 3, gained woiglit at first but lost during the latter 
two or three weeks of the experiment, and a few died. For these 
animals the maximum weight attained was used in calculating 
the gain in weight. In experiment 1, two animals of group 
2 died, hut in both cases death occurred after the second blood 
count had been made. 

As to gains in weight, table 2 shows that (a) the animals of 
group 1 (basal) grew very well, (b) those of group 2 (sul- 
fasuxidine supplement) grew much less than any of the others, 
(c) the animals of groups 3, 4 and 5 (sulfasuxidine plus graded 
amounts of PGA) grew essentially the same as each other but 
definitely less than the controls, and (d) group 6 (sulfasuxidine 
plus liver extract) grew fully as well as the controls. 

The weight data were analyzed statistically according to 
the method described in footnote 3 and the results are pre- 
sented in table 3. Here are given the “t” values obtained 
from the statistical comparison of each group with every other 
group in an experiment. The difference in weight gain be- 
tween groups 1 and 6 was not sig-nificant, but these Hvo groups 
grew significantly more than any of the others; there was no 
real difference among groups 3, 4 and 5, but these all grexv 
sig-nifieantly more than the animals of group 2. As there was 
essentially no difference among groups 3, 4 and 5, it Avould 
appear that even the lowest level of PGA was suflSLcient to 
produce the maximum effect possible for this vitamin. 

The white cell counts (table 2) were very nearly the same 
for the animals of the control gToup and of the three groups 
receiving PGA, while for group 6 they were slightly reduced 
and for group 2 they were about one-half those of the others. 
The neutrophils were still further reduced in the animals of 
group 2 and to a less extent in those of group 6. The percentage 
of this class of leukocytes for each of the 6 groups was 18, 9 
16, 20, 20 and 13, respectively. None of the animals showed any 
evidence of reduced hemoglobin. 
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Experiment 2 

The probability existed that tbe large amount of sulfa- 
suxidine may have partially destroyed some of tbe vitamins 
or prevented tbeir complete absorption. Experiment 2 was 
designed to test this probability. There were 4 groups in this 


TABLE 3 

values for all possible comparisons within each experiment 


GEOUP 

NO. 

1 

2 

3 

4 

5 

7 “ 

8 

9 

11 

12 

13 

14 

2 

7.94 ' 












3 

3.29 

6.77 











4 

3.96 

■ 

4.96 

1.39 










5 

5.42 

4.94 


0.42 









6 


6.35 


4.01 

9.10 








8 




! 








i 

9 : 

i 

1 



j 

7.80 

' 6.99 



i 



10 




j 

1 

1 

i 


' 7.28 

4.85 

i 

1 

j 

1 

i 

J 


, ' 1 ' 

12 ' • 1 


8.11 , 




13 ' i i ‘ 


2.48 

9.67 



14 ' 


3.73 

6.57 

3.11 


15 j ' j ;0.07l' 

20.9 

1 4.19 

3.84 


^The “t** value for the 0.05% point for 6 degrees of freedom is 2,445 and for 
5 degrees of freedom is 2.571. 

■ The different experiments are separated by double lines. 


experiment (groups 7, 8, 9 and 10), corresponding to groups 
1, 2, 4 and 6 of experiment 1. As it was shown above that tbe 
slower growth on tbe part of tbe animals receiving the sulfa- 
suxidine and POA was not due to insufficient PGA, only one 
level of this vitamin was included in tbe second experiment. 
Tbe diets used for groups 7, 8, 9 and 10 differed from those 
of the corresponding groups of experiment 1 in that tbe 
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amount of thiamine chloride, ribotlavin, pyridoxine, calcium 
paiitothenato, i-inositol, nicotinic acid and ‘2-incthyl-l,4-naph- 
thoquinone was douhled, and biotin was included (20 \ig per 
100 gin of diet). 

The results of this experiment, shown in tables 2 and 3, are 
very much the same as those of the first experiment. Here 
again the animals of all other groups gained significantly more 
weight than the animals of group 8, while groups 7 and 10, 
which were nearly identical, gained significantly more than 
group 9. 

One of the animals of group 8 died before the white cells 
were counted the second time, so the value for this group is 
the average of 6 observations. In general, the results obtained 
u*ith the Avhite cell counts were tlie same as in the first experi- 
ment, Two of the animals of group 8 were in a moribund 
condition when the counts were made and the neutrophil per- 
centages were vei-y high. This high count Avould indicate that 
these animals had an infection, but none was observed. Omit- 
ting these two animals, the average per cent of neutrophils for 
each of the 4 groups of expei’iment 2 was 14, 6, 18 and 11 respec- 
tively. Here again hemoglobin levels were essentially nm-mal. 

In the fii-st experiment the animals receiving sulfasuxidine 
and Ever extract had a slightly loAver white cell count and a 
considerably lower neutrophil percentage than any of the 
groups receiving pteroylglufamic acid, and in the second ex- 
periment the total white cell count of the group receiving the 
liver extract was as high as the PGA group hut the neutrophils 
were lower in the former than in the latter. Apparently the 
liver extract contained sufficient pteroylglutamic acid to pro- 
duce good growth but not enough to give the same leukocyte 
picture as appeared in the animals receiving the synthetic 
compound. 

Experiment 3 

The purpose of experiment 3 was to study the effect on 
growth of an antipernicions anemia liver concentrate in place 
of the crude liver extract, and to determine whether injecting 
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the PGA instead of giving- it with the diet would allow the 
sulfasuxidine further to decrease growth. The basal or con- 
trol diet was the high vitamin diet of experiment 2, except that 
vitamin-free casein ° instead of the alcohol extracted casein 
was used and percomorph oil, one drop per week, was substi- 
tuted for the cod liver oil. There were 5 groups of animals, the 
first three of which (11, 12 and 13) were fed diets the same as 
those fed groups 7, 8 and 9 of experiment 2 ; that is, basal, basal 
plus sulfasuxidine, and basal plus sulfasuxidine and 60 pg % of 
PGA. Group 14 was given, in addition to the control diet, sulfa- 
suxidine in the diet and 10 pg of PGA per day by intraperito- 
neal injection. Group 15, in addition to the basal diet plus 
sulfasuxidine and 60 pg % of PGA, was given subcutaneously 
0.02 ml of antipernicious anemia liver concenti'ate ® instead of 
the crude liver extract. Wliite cell counts and hemoglobin de- 
terminations were not made on the animals of experiment 3. 

The results of this experiment are also given in tables 2 and 
3. Here again the average gains in weight of all other groups 
of animals were sig-nificantly more than those of gToup 12; 
the gains of group 11 just missed being significantly more than 
those of group 13, but the differences between 11 and 14 and 13 
and 14, as Avell as between 15 and 14 and 15 and 13, were signifi- 
cant. None of the other pairs showed a real difference. It is to 
be noted that the average gain in weight for the group with the 
PGA in the diet was 8 gm more than for the group in which the 
PGA was given intraperitoneally. Although this difference is 
not great it was constant among the various pairs of animals, 
which accounts for the fairly high degree of significance. But 
the most striking result of this experiment was the excellent 
gTowth produced by the small amount of the antipernicious 
anemia preparation. 

DISCUSSION 

Nearly tAVO decades ago Guha (’31) reported that milk con- 
tained a heat labile factor that increased the growth of young 
Aveanling rats when added to a diet of maize, Avheat, “light 

® Labco. 

** Sharp and Dohme. 
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vvliiu-” casein, pomlei'cd yeast, CaCo, and Sheep lipr 

was less elteetive than niilk. The following eon 

observed that the addition of ox liver to a ^ “ - 

taining veast produced larger rats than e same ..ogyUg 

the liveV. White and Sayers (’42) 'Xj 

using protein of pancreas. Hartman and Cary ( 42) f°™d that 

milk contained a ^,'XXeast X'lemMted with all 

ren S^’!v.rB’’;.i;Iins. vitaij. H. and — K 

Jalfe (’46) and JalYe and Elvehjem < ' a‘l°X or 

of natural foods ; here 7“'“ ^7' * ''fres^’Xi. tL latter 
a laboratory prepared extract ot cvn- 

workers suppleineuted their diet of na uia ° 
thetie B facL-s. They also obtained smilar resi^lts ^a 

synlhetio diet. Sporn ^“.rorfemales on a synthetic diet 
demonstrated ^ '^.“'“Xer mortality than the young 

CoTdamt:;! the same dW supplemented with liver. 

More recent '"'’^^XEnlminverand' Cn'nha*’(’48) and 
servations are ^he latter authors have emphasized 

the associa ion ° ^ emphasized the need of the chick, 

Numerous lep bacteria for a nutrient found in several 

the mouse, and certam bacteria lu 

materials but especially in ver. 4 . it • f 

mmeiia 1 succeeded in crystallizing a fac- 

tofwMch they termed vitamin B„. It has been shown that this 

crystalline componndj h—^^ 

rrXTrt ’48), chicks (Ottetak, ’48 ; Lillie et ah, ’48), rats 
rameiUn Wurtz and Zanetti, ’49), and pigs (Johnson and 
mann ’ ’49 ; Hogan and Anderson, ’49 ) . 

" ^ ’f hWp experiments referred to above in which purl- 
, easein was used as the protein, growth Avas poor unless 
} oTowth factor was added. In the experiments reported in 
® “resent paper, the growth of animals fed the purified pro- 
tein was nearly as good as those receiving the sulfasuxidine 
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plus liver. Tlie casein used in the first two experiments may 
not have been sufficiently purified, but in the last experiment 
vitamin-free casein was used.'*' Here again the average gains 
in weight of the animals receiving the liver extract and of the 
animals on the basal diet differed by only 3.5 gm. Hartman 
and Cary ( ’42) and Spoim et al. ( ’47) found this growth fac- 
tor in millf, Mapson ( ’32), Sporn et al. ( ’47) and Bosshardt et 
al. ( ’49b) reported that it could be stored in the animal body, 
and Mapson showed that the factor could be carried through 
the mother ’s milk. Fresh milk is given ad libitum to our stock 
animals, and the young used in the experiments reported here 
were continued on the same regimen until they Avere put on 
experiment at 25 days of age. They undoubtedly had consider- 
able stores of the necessary growth factor, which would ex- 
plain the good growth of the animals on the basal diet. 

It is impossible to conclude Avith finality that vitamin Bjo is 
the factor in liver which is responsible for the increased groAvth 
of our animals receiving the sulfa compound. HoAvever, since 
only 0.02 ml of the antipernicious anemia concentrate produced 
excellent groAvth in animals receiving PGA and sulfasuxidine, 
it is very possible that such is the case. 

The mechanism by Avhich succinylsulfathiazole increased the 
need for the growth factor is unknown at the present time. 
The most logical explanation is that intestinal bacteria form 
small amounts of this factor, and that the bacteria are inhibited 
by the sulfa drug from doing so. If that is the case, succinyl- 
sulfathiazole must have the power to produce bacterial stasis 
in the presence of pteroylgiutamic acid. 

As this manuscript was being prepared an abstract of a 
paper by Bosshardt et al. (’49a) appeared, reporting results 
Avith mice comparable to those presented here using rats. 

SUUMAEY 

Young rats on a synthetic diet containing purified casein 
and all members of the vitamin B group except pteroylgiutamic 
acid and vitamin B 12 greAV well. The addition of succinylsulfa- 

’ See footnote o, page 586. 
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tliiazolo produced tlic usual results, namely, failure of growth, 
leukocylopenia with the granulocytes aifected more than the 
other cells, and linally death. 

The inclusion of pteroylglutamic acid in the succinylsulfa- 
thiazole diet corrected the blood dyscrasia and prevented the 
death of the animals but failed to restore growth completely. 
Increasing the amount of pteroylglutamic acid did not change 
the picture. 

Animals given succinylsulfathiazole plus a crude liver ex- 
tract had normal blood and grew at a rapid rate. 

Doubling the amount of 2-raethyl-l, 4-naphthoquinone and of 
the dietary B vitamins except choline did not increase the 
growth of rats given suceinylsulfathiazole and pteroylglutamic 
acid. 

The subcutaneous injection of 0.02 ml of a purified anti- 
pernicious anemia liver preparation in rats on the latter reg- 
imen produced very good growth. 

The probable relation of this growth factor found in liver 
to vitamin Bjo is discussed. 
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